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Abstract 

Thb thesis reports the design and construction of a \virelcs:.' transceiver that wll1 
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CHAPTER ONE 

INTHOD1JCTfON 

1 < 1 Objective 
" 

1 

communication link bet ween O]xT<ltional eOnln',JIK!er and his team In ilw fideL For 

.,' f' . , I ',. , !' " d ,-.~ " , "'!' 1 ' . rOLmers, tnI.'., lr:31 HHng Le J.H.illCe ~;Yld do l~; to cor on on the prcnuscs or t 11.'. ban ,~" Pollce 

field operational commander is kno'Y-.;n as a unit comrnander Hnd his team is L1<W·/11 as the 

• t, I' !! • f' . ~' . 'S • 1 ' 1 ,-Hm!.. hS i:: po ,lce control tOOL, no l'lH,'ll1i}cr O. ti1e pOdce openUl0n,h umt Ss10Ul( open nrc 

escaping through ;J side VIe'Y"; of {hz~ bank prcrnises not visibk to the )oiice unit 

COmnKm0.er but visible to oni.'. of hi;,; men in UK~ unit Hut cordoned off the bank, there is a 

, , . - 1'" '-, I - " , , 'II' l commumcatlOr1, It mac ': lH nUl'(wn VOH.::t \";'11 &;1\'(' pOlice <\\vny am, tncre WI no lOnger )i.'. 

in tb: operation. The c{)mmunicadon is twEet vIH 

i.'.lectronic,; cumrnunication means, 



In today policinf.'!" the commullicationlink bet, NeeD a unit commander and his unit . , .... 

devdoprd to a 'vcry high sophistication by gn:at companies such as h'lo(owla, Ken>,vood 

.. -. 1 . (' 1 • l L • l"" . ." j' i' \Y<'lLkltA,a!kw ~ut !sar rno:e COFlpiKt t!1an tne wa KH>W .Kj.~: tor porLwlllty an(~ D3S !.1"1e 

1,2 

111<: project involves two corn pact transo:lvcr devices. 'Tb:y are designed sHch 

that 'vYhen one device tr(l.nsmits i:1t H given trequency (in the mnw;~ of 60-70\{HZ) the other 

The transmiW,:'T {nodule involves a very simple circuit lor ;:-01rpactn{~ss.A 

input, tbat is; audio signal arnpli !l'.'i:lllon, The ampliEed signa! hi used to freqw..'Dcy 



modulate <'l carner v:ave [i'OIl! a high fn::qucncy osciLlator <:rnp[uying the 2SC930 

tnmslstoL 'r'1-w n::sulting moduLiued frequency signd is transmitted into sf,ao:: via the 

1.3 Scope Of The i'roj('cl 

Thcpr(~ii.'ct is bounded under fn::quency modulation hel::)\\' the nDnni'd ii-equency 

in o)mn'lun1C:ntion, 

The sources of materials used in re;;llizing the project include \vebsites, text books 

like PoHce Operation h·lmluab" UedTical Technology by 13, L TheTa)!} and AJC Theraja, 

Tdccormnunication prindplcs by Engl", (Dr) Y .A. Ad{~dir;.H1 and related \vorf{,.s trom the 



1.5 luvoivrment Of Others 

1.6 Constndnts 'I4) .Athiev~dJle Performance 

These CGnS1T<;in~s resulted iD: 

}, I'vHniltme Ie 'which would havl;3 further rniniaturized the device as \Vil~, al!ncd could 

not be sought 

4 



1 l'rr'O 'I-·t'·Ol" r~r\'lr\,,,····rrl~···()I-tr?1'1("<~. J It,\.. ······IY{"'D(·. "':'0,..,1' 
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2.3 

2-4 Fn>qucncy fvlodulutlon 

7 
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1 

& ;. !' I {' d" . . I 
0)' Int: amp Hue c (l;. ;no· Uidlng slgrw.1.\vcH.::n:.as rate vi' cha.n;.y.:; IS determined by the 

frequency of the ,nodulating signaL Fig. 2.1 iBustrntes this fi:tGL 
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As ShOV<!H in fjg 2, 1 i'lbove, in an FJ\·l carrier- infonr:<'lJion {or intd!igence) is 

carried as vanmwns m its h,zquency. As seen. freqwzl1cy (;1' the 1110duiakd carrier 

8 



The fact th,lt amount of change In frequency depend:; on sIgnal amplitude 1S 

g 1-1 R L R H R L R 
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L 
, ! t !' l' Pi! ! 

IIIAI,III 
Low Raw of 
Deviution 

(a) 

For exarnpk\ if the lnodulahng signa! is! l{Hz. Then the rHodulatcd carrier wi11 

frequency devl<don (or shin nr variation} z:kpend on the arnplitudf' (loudncss) of the 

l ., "IS K! r !' , '" ,.. .f' d·' n1<1:amum (leViation to " nt on eaco. S1C1e 01. tHe {·enter rn:quency ior SOil;!'" s ot 

tl'C(lur;nc',.' deviation. (in The mtt3 of fnxlucncv d<.::vbtion dcncnds on the Si(l.na! fre(!ucncv, (~. . . .... ! C. v 

;~t'tti!.}ns in 88 to 168 MHz band. lienec, Frv1 channel 'vvidth is 2 x 75 "" ! 50 kl'lL id!ov:ing 

., 

t 



The twmodubted carrier wave is given by ceo:: A sin 2T1/' ot .Themodubting sigmd 

" 

t 

2Ai Demodubtion Or Dctedioll 

\Vhcn tlw RF modulntt~d \VHVeS, radiated out Lorn tbe L<'lUsmitkr adenna, after 

~\re rl}uch heyond the audible fi'cquGndes (20 to 20000 Hz rrppro:..:.)J:kncG, it is w.::cessary 

1 1 



i) conVer-,lOl1 of th.:.:quency changes produced by moduiilting mto 

corresponding amplitude changes [3). 

iii) cEminntion of RF cmr!penent of tb.:.: i'nodulated v>'uve, 'This \ovas achieved with the 

L 7 Fm Detection 

fonn d' frequency variatir)l1s above and bel<:)\v tl.w cenier frequency of the carrieL Fer 

anoean, ~IS a modulated RF vGha~~c across th,~ diode, A 5irnnk rnethod of convertmg .(.1 ....,. 1 ...... 

si;J:nal are converted into amnlitude cbang:es in CUlTCl1L Tl1,;;,;;:;: dH.l1uzes in current \vhcn 
~. . ~ ~ 

!2 



Tr; det0ct FM, superht,;[erodyne reCf:l'v'er IS uc,ed. The final stage of [F 

~lrnpl1D<.::ation includes a lirnih:::r and tk~ subsequent ddenor h<b to cenvcrt fi"i'.:quelk:Y 

u. ratio dekctor[2] 

HI, pli[t:;c-Jocked,,!oop (PLL)[2] 

1 " ... fh::quency discri:ninator.[2] 

this project. 

2,7,1 Quadrature Detc~wr 

1.lSeS only one tuned circuit and is becommg increasingly popubr in the integrated Ftvl 

; '" I'l' <;1' '-l ,1)·::: 1<:·, "t'" ',);t ~~ . ' .. ~... \;i . . {~~ ".> .\.~ 7,. .. 

Suppoc,e, it tlmvs through i.1 cireui.; sh,Y>xn m fig 2.5(a;.Thc ,-,colLage across the indudor 

13 



f ::: sLightly off resonant :freqn(~nz~y 

Hence, i.'qU<lJion fell' Vl. is given by Vz "" \.;'z sin (to t ~ 1)[1"1 

II 
..... , 
<i 

\".-, ~~ I 
~.I L.< <"' 

rj 

~L 
Vi r ' [Par"Pf'l .. f l '!" - . ~~ ~ ... _.,' . 

'''TO'' Tuned (lfCtmo 

• 
is found to b;;; propo,tiuna! to th0ir product as shov:n In 

A 10\v P~l% filter is used to reic'ci the double frequencv comDcnent 
~ ... ,; . 

'/', • r I-l~ rr: \' "I.' \.A./ ~~ ~ j '.~ .,' ...'It '., .. 1 

It sknvs that Ciutputvoltage \/0 pnJpcrtii.,nal to the original nvyjuLning signal voit;;1ge 

1,;1 



The ()sciHator and the rnixer may be c;H:cr two SC[Hfak devices or HW)' be ccmbined iluo 

fre;;rU01cies in order to obtain a si1.')·na1 of {lC\-\! frcducncy is called b:.terodyning action. .... . .... ~ 



(i)J455KHz 

(d).455KHz 

Thl;; high;,;:r frrqllcnC)' is generally filtcred out h~(l.'/ing b(~hlnd the difference frequency of 

< ~ ~ I ,.-; ,r, I'! "1 Yr' r I r I'J "r)) '>-ttL \V l1Ci1 tonns tn,c lr' Ifeq uency, 

by HOlse) F;ssed to a (L::tcctor circuit which rrctii1cs the I F signa! and thus. filters out RF 

, '\' I " . I 1" ! !" 1" 't.! amplitude of 11g 1 treqw;;ncy m [w aW.dO sIgna W 11en was canl.c{ InereL!SiXl oy tnc pn.> 



CHAPTER TIIREE 

I).r,' f'I (TN· A]\.T I) rlLt IH . I.;' '!\.~~; )\rr ;.\ 'l·<·~· (''IN: l." . .i:".:) .~.. J-\. i. ". .l.t l' I 1 lr .. 1..; 1'.1 J~.L.. " J.... . J. j. .? 

The projc~,:,:1' invdves 1'wo (:omnnmication devices, each containing Fry! 

'81th eacb other- 'The frequency of operation (60 .... 70 ~vl Hx.), '.;,;h1Ch is helo\v the 

TA E fransmitter A. 

3.1,1 T!H.~ Radin Transmitter 

:,:! . r"'''''-'''--''---~''''''''''-''''----'''''''''-'l 
~ l 

l.~~. j 

r~-~J ~J ! 
i 

I , 

L
' i 

"' ............ _ .. ' ....... _____ " .... _J 

TH::: transmItter B 
RB 0: frce. ver B 

lhe audio signaL The nwdul~!ti()n type employed is t!\Xlw;:nty modulation. Thc radio 

17 



"'.,. ... ,. .................. ~.~ .. ------~-

, , 

~v'ficroph{)ne 

\-; --~ ...................... -- .. --............ ~ 

........... ~ .. !I Lo>,\' audio '1 ~ ........ · .. · .... ;:~::~;i··· ... · .... · .. · .. i 
~.... 'w' nil""'!' ~ .... -,---. t"l,·}·,}uj-:)f,nr '-.~-~ (. ~)~.... ~l-""': .1.. .'.)~ .... <. ... _..... ..-

1 module ,i.' ! rnodulc 

...... 1 ______ ..>J Lm ................................. . 

3,1,2 Thc1\'1icrophonc And Lmv .Audio AmpHHcr 

18 

' .. ~i:~~ey i 
:Jscilla- : 
tor ! 
module J 



h,pui. 
r:1icr.;)ph:on(; 

T1 

VCE ... VCC .... idU 

!crt.! "" L5V 

Ie ::: (\lc.C~·Vcc)(~·{. :::: (5 ····2,5)/1000 

... L5rn.A 

For the tm.n;~i$tor used, hh: is typically·" 80 

19 

It I.····. Pl····· l Kn. 
'to 

Ql 



r'YCE ~., 0,7 2.5· .. OJ 
:- RB "" --~.~.......... "" .. , .............. - :::: 5920000 

W ]. L?5xlO 

tOO ,;vas f;}t' high sensitivity. 

! hus, tht n1rlXUmHn arnpEllcation provided by the circuit is .. 100 (inverting 

arnpliflcat!.on), The nmp1illcd output is fed into a pre .. cl'npbasis drcuit to accentuate the 

4)7 k:{2 
,: .. 

! 
------- .. - .............. . 

! 
: 

~ ... ----.---~~ .......... --. 

l 

, 

1 
Vout 

16 V 10 pF 

it has n tinw COrl3timt of T ::: Fe,,, (4700;.:. 1 C"' ) 5 "" 47m second 
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'WUY 
1GV 
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h .. ~ ·vi~ua1il.ed as C;:, in parallel \vith ecE, CoL, and eREs. 

t ", 

\/c; 
... -" 

(/ \ 

\ 
\ .. " ;' 

:'\!t<:rnatively; 

Cie 
Cib 

C:.b 

Cob 

eel:: 
(\x:: 
Crb 

II kiJ·· ...... ·--~-·-····· ............ ----~ .............. ---~ ........... -.. ~- .......... -
(-I-"~Jl\~fi 

•..... 

-';. 

:, : f 

: . . -, \····,.,-t//! 
~H h ::: '11,> jT : 

.'. ... I, 

Ll 



Ll 

Vin 

·! ............ ·~· .... 1,············ .. ··~················· .. · .. ~ .. · .................. ~ 

~ {:3 ..... .t 
('t~·~···\ 
{y : 

t~·, 

Fig 3.7 Equivaknt Cir((,;t Of High Frequency Fr(1~kxbhtor 

SUb5tltufing the values of F <'I.nd C iJ the above 

expression Yields thG v~jUG of L a~:: OAuH this value "vas (lpproximatdy obtained by 

, 

1 



3.2 Reception 

The receiver portion IS 

chip, the K.A2297 RF Ie. 

3) 

fin detector SVlg<;;, !\ critl,,~al a(.l.1ustH:cnt of the LO is w:edd 
-:.: 



otlwnvi:;;c the beat difL:rcnce f[(~qu~ncy is entirely rcjC<.:fcd by tk: b;:md pass IF fllter of 

Since a (60 to 70) tv1Hz trunsmission on ih;;qucncy \V,:lS chosi:n and a stimdnrd Fivl1F of 

l'}" ('n . l' l I "I j" b ,,'A l"'· .. ?,{Y' 7'} 1'" 7 
.1 ~ ./111);:\" used, t 1<.' ,oca, GSCHator ,requency luust . e ~(!U x ,\ 0 .! hi.lHZ to ( x O. 

frotn being ITC(;ived and d!~rn{}dubted alonp:;lde the desircdRF dMnneLTbe receiver 

2S 
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antenna tuned circuit (ArC; and the local oseJLtnr (U.J) <Ire ganged for easi.n alignm.~:nt 

(SA \V) flat~r to aBov: only tb;; ;rut;; diH;;;rence frequencies as beating tik: LO (local 

GsciHmor) agai115t the incoming RF 'which generates not only tbe !F but a whole lot of 

other tiequencies and sub hannonics, 

Thus the 1O.7Ml-L:. SA.W tlHt;.":[ sq.wr<1les the desired IF fromintc:rfere;Ke IYs, The 
-.::; 

If is mnplified. de,noduht!;;(L and fcdintn an Ltvl 3B6 J;.::::\V povvcr audio ampWlcr 1.0 raist: 

the reccivd audio volt;;:lgC to <1 kvd suHicient to drive ;.1 head phone. The K/\2297 I.e 

has snecificaticm as renrrsenu.'d below. . . 

f;1: Rf IN j 6 /· ... ~·v·1 gr e··j 

(_~Nr) ., l 5 
F?'v'~ RF (:'::::' 

j •• 
l>'.MiFM 

Fm M!X J COhTROL 

/>,' ... \ i'-,1IX 
.;~ K./\1.:::-:;.'(J l } f~d (~S.:.:: 

/· ... C<C· 3 A ~·v~ ()S(" 

V~:~. (-, 1 1 {)ET OLT 

l(i 
QU/~ f) 

;\ 1",.1 1F ~'~ .. ~ 7 
; 
~ 

f";\1 H~ l'r"~ U· :"~ (~:··jr) 



The L\1386 audio arnpliHer is a power mnptifier designed -L.lf use m low voitage 

volt supply. making the LM 386 idea! tor batl1::ry operation. 

:" .< \IS 

GND 

1 
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Output po:.;ver: 

Band \vidtk 

Distmtion: 

3 

471'1' 
~6V 

lOG ill' 
16 V 

5 

.p::> 1';: 
16 V 

;pri pi' 
l~) V 

Vf::':. 

Fig 3.12 A Typical Circuit Ofl.)vB86 

26dB typically 
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Vs 10 V 

'J 
.~. 

H'\) ,ll' 
if: V 

4']{; ;d.: 

";6 \,/ 

The t.M 386 is a vcrsatik power ;.unJ)Hfier configHrabh: l{)f different voltage 

pins 1 and 8 ope.n a i 351(0 internal n;sistancc sets tht~ gam nt 20. If i'i ;:apacHor is 

3.3 Choice Of Antenna 

using this febtionship 

. f' ./ 
A""' V./ . /F 

For this project, L <. }. i;~ used '>;\'hich is for th~quendes betv/cen 10 KJh ~ 1 GH/.~ 



:::. 1 ~, 1 ();'; ·1'/<' 
.... /.. \.' !.; ..... 1 

supplied power nenz:c, thlznz is a need {(if the antenn~l to approach a quarter wave length 

Length of antenna, L :;; tJ4 ,,: 4-29;:; l.l.m "" 1 07em, 

Therefore" at fnzquency of operati<m antenna requh~zd'Nlll be of length 1. I m 

3.4 Implementation 

The circuit \vas first irnpicml.'.nkd on a bn:;ad hnard, It was then tested fix proper 
> 

1 

operation. There \vas prlJbkm inithUy as any variaUon in inductDr affect:'> frequency 

generated by the tank circuit. it was rectifkd when trunsf;;~lT,:d to ;.l VI::.'O board and 

compnnents (?<'H1 he inst.'rl.ed and soldered, On one face of the lxnm1 are copper :'>trip which 

run in rows such that all the cmrmonents legs of al)Hrticular nJW arc connected together, 1 ~. 1 ~ 

The legs of each component are pushed through th~~ holes iron:: the top of the board and 

arc then soldered on to ,;;oppcr str1p$ under the board, The orientadon of the components 

on tbe l)oani is such that they arc onlY a fev,; rnirinH:krs above b<x1rd. 

Aft<;:;r a finn attachrnent has been nu:;de" th;;: excess "vires WT then cut off for 



3.5 lAst Of CnmponentLscd 

3 Resistors of vadou:..; values 

4 C1pacitors of dtfferent \/alues 

5 Inductors 

32 
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CHAPTEHFOUR 

TEST1 RESVLTS ANn DISCUSSJON 

The resistors c::1pacitor;;, cl,nd tmnsistor were all tested u~;lng muitimctef and'>Ncre in 

good conditir:lD. After mounting cOlnponents on the bl\~~ld board in accordance with the 

stable, !-!owever, computer simulation using multisim package cunflrmed the \>iorkability 

{}f tht~ project 

Trouble shooting \Va5 done and it \vas f~)lind that any var1atio!1 in inductor in the 

LC tank cir~:ui.t varies tbe twusIYl.ttting fh.:::quelKY, (Hid thus, afkcting the digllmcnt of 

to {-:"vo individuals ,,\'!lo stood fjv(: rneters apart and continually comnmnicated '>Nitb c;;K:h 

rueters armrt beyond 'Nhich the communication "vas not ckaL Maximum n:ceptioll was . .-

made at abm.lt t 5 meters aput. 

recq:'liklH ',vas made in the recclver of the second device at about i 5 in apmt and 

33 



4.2 Discussion of Results 

I had probkm aligning the fCCr.lVer whh fh;-;; tnl1bnllHer due t,) wning 

difficulty HO\VeVef, careful and painstaking tuning n::"sulv;d in aLignrnent as 

4.3 Troubleshooting 

Troubleshooting an ekctmnic circuit mvohes:, oh~crving dw "ynptnn"lS, 

the tonowing: no nmpm, reduced mnptilude, unstabl<;; frequency <Hld h"cqucncy error 

/\ receiver should be viewed as a signal ch::lin, If the recti ver is dend ~he p:oblon 

l~; tG find the broken link in thc chail1- Signal injection should begin at the output 



~j\,<1i !able c(;rnpcrncnts. 
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