
DESIGN AND C NSTRUCTI N F AN 
INVISIBLE Bf~ KEN IRE 

DETECT R 

BY 
AllYU SlJlEIMAN 

REG. NO. 2000f9800EE 

DEPARTMENT OF ELECTRICAL/COMPUTER 
ENG~NEERING1 FEDERAL UNIVERSiTY OF 

TECHNOLOGY~ M!NNA 



DESIGN AND CONS~fRUC~rION OFAN 
iNViSIBLE Br~OKEN IRE DETEC;l-OR 

BY 
ALiYU SULEIi'v1/"N 

2000!9800EE 

,tJ., THES!S SUBM!T1TD TO THE DEP!\HTM[\.!T ()F ELECTH!CN. I\ND 
COMFcnTR ENCiNFEH!NG !f',J F!\RTiAL Fl.H.,F·!LLMFNT OF THE /\\:V/d~D OF 

DACJ1E.!..OH OF E!"j(3!t"-H::ER!NG iN ELECrH!C/\L /\NfJ COklPUTEF 
ENG!NEEH!NG, 

OCTOBER~ 2006 



DED!CATION 



ATTEST A TfON 

U,11versity d"fedm()logy, Minna, 

StlH.knt 

U.o,l) 



/\ C: 1<,1"-..1 {) \V I, [DC; C:i'vl [1'··; "r 

(;nwst' of my un<:.krgradtw.k program. 

.~ .. ,. 
" 





TABLE OF CONTENT 

'fit1c page~ ~"",. , ......... ,,. ... ,.,. .. ",,,,, ...... ,., ... ' ............................. 1 

Dulk·n:.icn ................ . 

. ................... '" ..... P: 

Ackll0\vkdg<.'mU1L . '" ......... " .......... . . .. ", ................ . ,.,.,.,.,.,.,.,.,..',' J\: 

/,J)SU;;!C! ....................... '" .......••................. 

{:;\hie (',1' ;:onknis.", ...................................................................... 'Y! 

Lis, of ngureshaHes .............. . . ................. ,. ,. ,. ,. ,. ,. , ,. ,. ,. ,. ,. , , ,. " . " .. " .. . \/l ~ 

t. '; Pre:jec.t (;\"'(~rvh~\v ............... , ....•••.........•..••••••.••••...•............ 1 

i.3 Sc;'V:: (Ij' the pnzjed ......................................... '" ................. . 

. . . , ........... ,. . ,. ,. ,. ,. .. , ,. ..................... , ........ /.~ 

1. '.; \jcthoduiogy ................. . 

, 
.,"""""'," { 

2..1.! St;u:dard cootimlity ks!::::r ................................................... '/ 

2..1) !ntching continuity tester ................................................... 8 

\/:, 



............................................ .. k 

p 
...................... j 

~:.) .::' Thunqwr mB(:hiw: ...................... . 
< •••••••••••••••••••••••• ~ " " " " " •• .~) 

2.1.6 Cabk ~mifkr. . ............................................................. 9 

). 1 .. 7 !'obJ"ity t;;:<;te~· .................. . . , .......... ~} 

2. !.8 Extended vol! stick .. " .............. . ..1 (l 

. " " " " , ...................... 1 {J 

!..? Limi1:r!ions ............ '" ............... " .................... "."" ............ ,(} 

2.3. ~ (::abIe cc:u!.~{~pt. ....... '"'' .""." ......... """." ....................... . ,," .tl 

-; ) 

............... , ...• ,.: ! 

}.·.\.3 (:onstiluen! dements ell" cabk-s ............................................... 1;: 

........................................ ! :i 

.•••• , , ••••••••.••• r" " ••••••.•••••••••••••••• -f (~ 

/J.6 F:whs of"cabks ............... . . .. " " " .................. , , , . , , " " " " " " , . " " " " ..... 1 .~~ 

237 (>lU9:;'<; ()fci!tdes f.~,.dt:;;/fdure ............................ ., .............. ".16 

.>.1 ('ire-ul! ep~;nHi(;!l ........................ . .l7 

.! $ 



, , , , , , , , , .... , . , .........•...... , ••• , , , , , ... , .. , . , , , . " 1 t~ 

.U.2 Input. s"vitd1ing un;' ........ . . , . , , . , , , , , , , , , , , . 1 <} 

3.33 The v~),.iabk gain h~i;m' i'HllpilfitT unit ....................................... ) l 

.L3A /d.>!J.C: convnkr unit ...... . "., .'~ 
.. /..;> 

:·$.J.5 Output indicA<}!' unit ....... . ..... .. ,~ ....................... /.,., 

3 A Con~<!w(:!icm ............. ' .. '" 

':1 Ifests ............................................. . . .. , ...... 28 

4.2 Pc;:.:!!siIJisv;lsskll ............................................... . "" ............. " . ,. "2~~ 

:~,3 (\)n~~tr;;dnts",,, " ......... "" ........... "'~"'"""""""'" .,'''''',"', ................. " ... 30 

:). H.:ondu,:;leH ......................... . . . " . , , , , , , , , , , , , , , . , ",,, .... " .~:;: 

5.2 Recommcndatlc:n .............. . 

i~(~'f(:'r~~'!l(:'{~", , , , , , , , , . , , .. , .. , . . , < ' , , , • , , •••••• , , ~ , , , ••••••••••••••• , , , J , J "' , , •• " ••••••••••••••••• '.' .') ."~ 

l"PI·wndix ........................... " ............................................... , ........ H 



lAST OF FiGURES/fABLES 

Fig. 1.1 Block: Block dhlgrmn of all illVHbk hn',ken "vin: ddcdor ........................... ~ 

Fig.3.::: illpat s\vhchlng (:·(,·cult.."" .................... '" ... '"' '" ...................... '"', ...... }O 

Fig.3A Biasillg ,he amplifier h ;,! single :3uppf}' C,p(;{;:dlnn .. '", ................... . 

Fig .. 3.S j\ .<> .. ~J,(.: 'CC:T~v~~rter c~rru it .. """"''''' ......................... ,,' -. ................ .. 2.3 

Fig.3J~ (ifnl;! di,;grMH o(aH imi;;bk~ brnkfn \'vin: ,1etn+H· ......................... " ...... 25 



IN'fR()Dt1(:TI(JN 

! ,,1,' !')!>()jL:t"!' {y\j!',;'1J~n!::;,}! 
. . ...... J '.' L .... <.~. .. -.... . ... ~ ... \( L.j ('"Y 

n'~il(:; !('~ trace tl.le 



ll. 

m. 

, .~ 

j , .) <":('rlnl.~ (}J·:'T·.n~' rm (} f !:~(v.·r d '0'/ ',,' J. ., ..... J.! U.,. ,".. ",', .. ' . ! 

'4 of> ',""'} r~' (,'T' r r ',"1'1 .1",', re. 1,1 1 ...... '.JJ !.A .. J ~.)c .1... :";L, 



I.> r\/l·!·~··I·"!···!{.}f)C.)1 O""';? ." .'.~. . .......... (l ) 

., 
.: .. 



'4ray fkks. 



f" ---- .... -............... -... ~.---.~.~~., 

} Pp\v"(:r ~ 

! H.l pp 1:-,' unit 1 

I. r--
• __ ..... __ .• e __ ... _~~ ___ e ________ .l 

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

Input 
~\vijchiHg , 

i,' nnil , i 

-- ............ ) 

I 
i 

, 
! 

Lee~e ___ e _____ ,;"" ___________ ---' 

i,' : ________________ l~_~_~e_! 
! (Jp.'f())l<.mal j 
j .,~ -r (1)' f.~ '-~ -, ( j ,-. u 1-·; U I "-:~ 1'4--............ ---------1 

und r 

-r----·············; 

i I 
1

1 1""" f··--;~-;'.·: !;~~------l 
! _. '.- . 

j DC ! ___________ ... ..J 
j CO}l\'cfter r~""-" 
i, 1 
i WHt ; 
L._·····

1

··················., 

r-(:;;-;:;;~;·;:;--··············I 

[~:ar: ... i 
Fig 1. f; Block di;wxarn of <'In invisibk broken ""ire (ktc(;\l)( 

:s 





ClIAP'fEH T\V() 

~ .. Fr¥~<, n ,\ '1' § 1 n 1;'~·,)I?\/rl;''I.. i! <'I' U Si',l'u:n;','l' lei'" ~'. n i~ elL' ,{., Df}! T j\P} .l.~ I ... .I".", .l\..r"\.. J.t .. I'\. 1 . .< 1"'\.1... J .1 .... l''t' J .. I" J._I._/~ .. .f .I.~ I .... j l _.' .. :.'\..1...... 1> . .(-'\ ~ .. 1'-~ .. ~ J'. _., ~j~ • • J .. 

2.1 'r'y'PES (Jr' C/\BLFS/\VTRL5FArn'rs !JE'lEC'TORS 

2.1.1 S'fAd'rf)j\RD ('ON'rfNurrv 'rES'fER 

:v.>i'\ ····11·' l'f' f"·~i.·IL,ll·<+I{··(l !'l""\:'>""'l 1,., .• , n·····;'·l"·· '·I·l'·l' ";,' il" ,"" "·j<'·;·':·l·"~d 1',\"';":11'1 ";:I)l he j,\q{lr'· ;-h.(~.: \.(.} .'.~, ·~'~., .. t<.·l. ... ~ ...... ,~ .· ..... ·t ... v· ... ·.~. : .. .,\. ~"""'( t.,:. ~ . ..... "", ," ~~~ <. .......... t~_ V~'.j ~.' ... ".-......... ~-' ... _ •••.....•.... 



" . . 1 1 ' ,"" , 'I 'j'!' 'f ~ I {:q'"l,nl'n" \""t , < 'iC{!i':;",'" q" ; <'''::': ,':j:' ;:< '''11 <\i'COP"" ,) ..... { .. ~ .... ~ .. }~ ~'~.' ~ ~~, .... l ........ { ... ~ ........ ~""'~ •. ,S- 5~"'_J _5 ........ _,,( •. {., ,-•• 



L 1 .4 1 FvlE DOy\i1/\H'"r REFLE("lOf",lETFR CflJln 
'. / 

2,1,) TFiUivH~r:~Rfv1ACHINr.: 

L 1 ,() CABL.E Sl'-U[,'FFJ<' 

,},1,7 POLArnT\' 'r.ESTTJ<' 



"2.1,9FRrrTER 



~) .~ /) c r ,/ <;~'-~~:S' (\L.' (' A f{! .L;~·< ~~ ... '~"~.' ~..,..t ..... \~._.,~_.t.,~ .... /~ ...... ·I.~t .. .... t.l.) 

1 J 



",,;ire of soft·, rne{\iuln hard··, hmd·, and C\it-n !lH,d·<.L"ny,,:n gr;'ldes, imd\vircs prndLKol .' . 

P'll "<; ,.j •.... < {'Ul"';; ;···.'ir"· r <":! f . . { ... -~ .. ~. ~ .... ~ '''''''')'' .... ~.'(, ~ .. ~ 

\·'tllcrmll.<::d Jndinn l'ubix;r (VIF): polyvinyLhlor;;'k {PVC:), miner:;;l in:-:ulntion (e.g . 

. : . . ,:~ 





CUrrenl{/\} 

j J) 

15 

...... ' 
.:·.i~ 

6.0 

"; ';; <; (' (t, q r '1::' ('l")'!' J)l} «() 1)1 h.fe 
.••• <0. ". ' •• > \!.) .> .. ' ',,' '., '. ! < ...... I. .•.. . .1 

,. 'j"" llO} .,.".;" {t.,_ t '. J. 

Pll· 

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

\"f..)"attag.c(k\~/) 

!4 



~ .. ' -~ ... 

j I S\:/240·v60f.~z 

(:o,nrnnn 

1 ':; 

I'V ",,: ~\ .. 

lEw.' 



2.3,7 CAl}SES ()F (:ABL[: FhULfS FAILUEE 

l( 



ClRccrr DESIGN AND 11Vil'LEIVlENTAl1fJN 

cirudt diagrmn UJ}), 

3,2 (JRC:Urr ()PERA'I1()t-'4 

: / 



up lw!.hing and hence the output is !O\',,·. 

3.3 r:tJp.·JCfi(JNAL UNrrS . 

. ~:~ ! P .'. \\Jl:r.> S' l :p n I'" .' .. ' ".' . txt ) ~, x..J', '. ..).< .! .. , i 



· ............................. ·1· ····j·(,'/:

t70

ld········ 

...... L ... 

If 
: ................................ .1. ............................................. ~. 

33-2 INP{rr S \V n·CTIIf'-.J(..I UNIT 

d('{}endiu!!. t,n ,>vh1cb is bci!1}l. us<:t! nt <1 time, ....... ".-

f"'IC;;"G ·.\<)(l ;:;"f' v·;~p , .. .(,q 1';.; '1"J'n')! Hiiq\"l ·PIP':. fj w 1")"1 ':j i .~;"d ;.;: <) 'n,'" "~v !)P';":"l 'n i llf' ,··.·"hl,": ' .. <. · .... ~.s -t';. 'r'~A" ~. ~'" ~ I •. ' ........ )(. " <,.1. , .t. 1( .• ~.~ . . L • ~ .• ,'. 1 ...... < -. t.·~ .. '''.1 #. { • ....... ' . .. \..~ . . " ....... ~ ...• ~. ""'( ,'dO. 

19 



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

i n l\ r) : 
1. ~, '. . ~ 

(>_'~~J ... ..J 



3.3.3 THE \/ARJABLF (·L\Jl".1 /\\!lPLIFfl.JZ !'JNrr 

lMO 
~ 

············l::>~J .. ·· ·····_-,,{:::::::·f 
\ 

(i " ... ,:170,OOW 1 00 to {:170,OOG -\- ! ,nOO/IOn J / 1 (iO 

21 



h 
,............. ... [ ......... . 
! 

l:::: 

r'~ ()···········.·· .. ··J·1 
: 

~ 

Fig. 34: niasing the operation;;:! arnplH1cr in a single supply operatinn 

.') .. ~ 



'f ~~~ ,{- \./c.(:!}i<-; :::: ·:·9!·40~,~)OO :::-. O.4.5n;/\ 

VF ) ••• m.' ... o 45m/\ ':: 10,000 ::: 4.YV 

33.4 AJ . .' ·1).C C'()NVr:Rn:~.R 

Ti,;,~ ,~i"n'l", \··.·"(·l·t··;:··" .. ;,. '.> r\'IP{:,'l'fi{"'l<-:nl' {jIll"" ,+."'ji'lo>n! 1"'111--:" ',"'''\/:'' 1"'I'''·ll .. l·P'·';{·l"·r' "1.,,.. ~ _.(",1 "".'.}L._.~:'."" .......... S""". ~"( ).(. ,.'~. ~ ..... ,{ 1; •• >.- : ..... ~ .(" ,.! ......... .. ~ ..... ~"< .. ~ .. ~<s ....... . ' ... ( i ... .......... \!~ ........ :.~~ .... , 

signal:=:.. 

Vin Frotn Hmpliiler 



ri'COj n r'l"':'j{!c,(l \:,.Il"ll '. IWf"'~;<':':' .!)C!;l:t ",1' hj'f"'l!"':l'F~ I"': il':", r"',hl·:' I',)·, ,t,l" ""II"":"l",! ~'j'''''l <"i.· I'·:l'''lp
:-,l ~ ....... { .•.•. ~ 'i. .... __ ' .. J 7 ...... <.~ ............ ~ •• -:. .. t" ... ~.J •• ~ ' •• " -: .~,.< f.;'<' . . ~ ............ {-! ........... ,~ .. -~ ............ <;, ......... { .... (. "-"'~ ........ • .. '~7'~. 

'rl"'~ "<'j"'11,:"<' :'I'I'C"''';'' ,lj":l($>":II1" l" i.!,"il''':'·'i·! h': 1.'.-;: .. ';,',1.(.:;. l.:, .... ,l,.lw:. 1 .! ..... l. .... ' { •. { .~ ... ~ ... ' ..... ,{ .••.• t .. ( <: t,< '. _ ... ~ .. _~ J .... ~ .. ". , .. ~.... -)' .' 

..... -' 
~,:; 



f P/\!} .. ·· .. ·, 

1... .... 7" ........ ..1 

" ;,1 
........ ~ .... ) \" .' 

-t ... 

T 
I ::::.' i lOK'D d)KT2 

·1:,'. . .................... .. ...... r.~~~ .. ~J...... .. .... ·*·:::I:::::[lf]I(~(r\~1 ; ·······························1 

, .................. --. -i IL_-. I I 
i I 6VIlOllF T +-·~-i I. 

;1::: Vp.; .. ,t·.··,. 1;:;7 r~.I/lI(i \'12,) I .. 
\, : /1r 

, ............. ~ .. ~~ .. ~ .. ~ ............ "' ........... \ l'/~,' ........ 0 l I. 
• .j , .,.<.,1\·7'1 
1 ;1 \ I' '. 
:,: \ / r'" \: 
i. \ ./ ~ .. :.1. ·4 }O~::.\! . 
;_ \ I _ i 

: ' ... \ 

I 1 ,--~~--@ 
i T 
1 ... J .. ' !h\'/IOnF 

........... " ... : .. { ...... r ........ j ........ i ! K'O< ! C~2 ! (, \; i', :01';' -.' ."'''' 
~d<;,l ·· .. ··:r "' ........ } ! l. "F 

.... ~ ....... ~- ......... ( , "''y'''/ ()................. . ........ -.~.- .................... I 
........ J r .. ·.: .......... · 

~ r·················· 

1- : ~ ~ - .. , .~ y .. 

j i :v,\:.! L.e 
1 ....................... 3 



.f1.a.\\'s, 

26 





TESTS, HESIJLTS AND D1S('USSI()N 

cab.K:.::, 



~ ~ 

on ! .5rmll~ and LSrnnj" \,,-ires and th<: results v.,ere 

Hr-H!L 



('(lNSTRAINTS 

nbwjned. 





C fl. ~r(-' f i 1" ~.p(-'!i 1\., ~ ~H) P P (-'( \, !\,1rV1P 1\..:1) Ii. T l() N "-/ ... 13.' .. ' I.)~ ... !... t. .~ . .1. ~ /-\. L-" I .'\..l:": / ,.1 f~/1 t ' .. ,I:; t, l. /'\ .1 .. 1 .' i. 

:5. j COt'"TC L. LTS H)N 

, I .• (" . l' , '1-' , I . I ' "l'-:>l<'~' '<<;qn ,; fro f'~""J<'<' jl,,~<><:lh' ,,;,;,., :'l'~'" <,,,,,<<" f" n.'v" . '-~}<';'" ,.,..·ii'i'!'{)Il'; '-l'i" <q n'pv'-'lr·q{',,~ { .• .;.~ .~)d .... · ... ·,~.t.·) .' .............. ~ .... {,~ ... - \.(~.,~l;.) .... ,.;j;t·~ ... · ........... , t ... ) .... L~ . " .. " ;:-:-.' ...... '-':"" ................ ", .• } ..... ' .......... ~., t ... t.·) .. · . (;." ..• , ....... . 

frorn ;lC maine; calTlcn. 



pp!lcati(;n 

REFERENCE 

.. .., . ., , , 



r i\bkri~;i;;' ...... I Unit 
}...........l ...... . 

1 \! er:.) hoar d ~ 

I 1 
; (',.;! 1 I <-':! [ 

. '. ' , . ;; 1 
: <"'\Xli,-'" ')<'Fp"l" , ; ;.. .. , ........... ) t ... -" .. t ....... .... 

~ 
[ Resi;;1ur 1 'Y 

j \/'''';',l,l" """';""',,' l.:,.' : !. VS'.~~{).t· .. _ .... <!·~.· .... ~ . .'~.... ~ 

! I I OrK:nrliulwl i.rmpEfier j! 

i 
; Capacitors 

! l)in{'·.<.; 1 , .... l'.,; •. 

} , .. 
j Hux.zcr 

1 r\,1,d"I' {l"n,,,,··t,··.),' i .... ( ..... {...... ..~ .... t, , ......... (.<..J. 

t...... . .................. . 

, , ! ':, 
; '3 
I' 
I 
! 

..J .. 

A.PPENDIX 

... 

l_.Irri t C(js:.(~)a i-r;:~ ') 

:::0 

soo 

-- r·:!--:~:;~r;f~.~~·~~st (nair;;~ ') 

·· .. li·;:;;)·· .............. . 

! 2S 

I f/\ i ,,<"'1 

i 
i 140 

I 
! 50 

I 
! ~;() I' .' 
! 80 

; 0"1 I'" 
l,wo 
i 
i ';00 

. ..... J ", 


