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Bacclges
The thc'c)caes ave csed fos ot on[(j the weasuserment of

.6(?865{01'%:@5 bu{ QISO uged -{Q}j ‘H\e meaSCﬂS@meh‘t O(‘ EBsou S
COmPOﬁ@ﬂ{S liKe Ca paC[ZanCe ) c~dactance el

A ID’GC' e CL“SCw'é N c'éS Sémp{(’_&l[ —(g)Km Cor\Sc'S(S o{ a
retaosk o {ous sesistance avms fosming o closed ccscadt- A
sousce of cassert ¢s applied 4o {eoo opposce junctions. The
ceosent defectss s emnected to othes tewo junclons.

Tlve, b‘éc'clges C(:UCCM'{‘ use the (Compa&Son M easuzsemenf’
methods & opesade on ' nall indication pscoccple’. The brcdge
coscalt orapases the wlue o an arknocon Corponent with,
that of on otCuKafe(‘j Krceon Sfondad Cornporent - Thus the
accaracy depends ‘on the brcclge cornporents §nd on the
null trddados: Hence bigh oleazsee of accasaty con be
obtained-

™ o B‘Gc'clge cascady when o Cusent flocos Hsough
the rull delectos cobich cs genexaily °3oluahomefets, the |
bscge s caid to be “balanced- the ‘selo{c'onshp ‘befeoeen
-qu Componen‘f ,\Ia[ues o[ {/'>€_ {&asa?sms ‘of the by’afge a’f
the ba[anc int‘j (S called (balorﬂ'ng 'Cond('&'on 06 balaha'ng
eojuation’ - Thes eqjucdion quues s the ualue of the
cuvnKnocon ComFDﬂené‘
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Advantoges of bucdge ciscut

[ '[he 'bolahce GQ/uaﬂon €S éﬁdependené of the mgnc'tlcae op
the input voltage o s Souxce impedance. These quuandites do
nof appecs inthe baloce eq/uaﬁ’one

2+ Tthe rmoeasusernent accusedy & ch’gfn as the Mea&u‘cemen{ (S
done by tornpaxing the urknown value cxth standaxsd value:

3. The accamacy (S tnolependenf of the chasactesistics »f o
null defectos € is cﬂepencﬂenfon the coraponent values.

L the balancc‘ng eq;uaﬁ"on 1S c'nc[epenclenf o( the SenSiéCV[{cj
o( 'H’)e huu defec{oﬁ, #\e (~ pecﬂance Q[ #)e o@e{ecfozs fo. Cmtj
ermpeclance Skmféng the detecios:

S: The balancing condiikion serains ancharged f the Soudeg
deleclos ave méelschorwgeol : |

6- The ‘D‘Gc'clﬂe Cc‘SCuL'[S eanée uSedc'n the Cor'nlliol CL'ZSCLLf[iS'
eohen ueedl in “such cortrol applications sne qe of the buidge
Conlains a gesésﬁve elemehf {Inaé ¢S SenSc'[L'Ve /o) #‘C

pLNjSCCal
posoraefes (ke PYesSuUre ; e mPe‘sq'[u?E efe- which s { be
contrwolled -

T“jPCS O{’ &St'o}gag

he {wo types of Em'dges ave

L DC brcges 2 AC bm‘dgeg

The d-c. lm'clges ase useo’ {o MeasSuwse f/\e Besés(ances CJ‘"/G

fhe ac 6?5(01925 ase used to Measuse e inpedarces (onsistin
Capacdarces & induclances. The ol 61sc'c13es wse the dc voltage

as the excilotion VOHQOJG whde the a-c 5“"0'9655 use the all‘elinaﬂhﬂ
voltage os the exicitation blloge-
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wheat Stones BZSc'dge, | .
wheat clones 'b(gcdge is the roost accusale ma(/;od
avatlable {'o?f PIeaSusing sescstances - This Ezsc’clge cascadt 0
csed 1o defesmine sescslance wnging {som -qppaox(ma{@[g |
an ohmi (1) {o Sevesal ohms (M)

A
3 W/ &’&7/
S 4 & Ry
—_— ¢ N" \Gy : o
7 L Q(,, 4y
B

The Soutce of ef (haflesy) § Seottch is connected o
@50{5 Ag B, ehile a Sersctive cussent éﬂcf('Catlch% ref €%, the
qaluaroreles, és comnected to foiols C£0- The galvanoreles
S a S@nSc'{éqe mdcsoamme}e?s w(th o 2epcentse <cale- chen
these i nocurssent thwough the raeles, the pointes sests af |
‘0 e Mc'o' SCa[e 7. Cantent (N one disection causes the Péchllezs
fo deflect er one sde & cussent in cpposcte divection o the
othes side- | - | a
@hén Seor & C(oSedJ Cabﬁen{ {[OCOS & ’Cféu(o’es c'néo l%'e
Looasms of Po‘flﬂ{ Ale I,§T The bucdge (s balanced
tohen thete i ro cussent thsough the gal vanOmoetes S5 tohen
the potential diffesence o poirls C &0 ¢ equal te e
Pofen{éa( ACEOSS the aQ\UQnomefeé S 2er0-

To cblain “the btsc’dge balance QQIUO‘{"O”* we have feorn
qu I)Ql = 'I')_Q’)_ ﬂ@
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ros the qalvanomeles cussent o be 2e50 5 the {ollocing

coditions sheld be Smlc'sﬁ'ed |

Tty R?H?'b
T =Ty =_¢E
| R4 Ry .
Subsﬂ'fu{chg {n eq/ua{L'Oh@ ¢oe 3@2[ |
EXRL xRy |
W h (%% ‘?(,,

R, CQ;_{QL{) = (R+R3) Ry
Ry 4 RiRy = RRs 4+ Ry Ry
RL} . Ry Ry

This s the eq/uoh'oriz I{oﬁ l%c 6_76(0[9@_ 1.!(? be balarced ,

Tna peactcal wheafstones bocdge ot eastoneof the
sescstance és rade ooljc&[aHE, o P@&mif 'bg[ana’hg - cohen
the buedge ¢s balorced ; #he wrknown sescsfance Cnowull}ﬁ
comnected of R Q) e be defersrained \Asom the %e{fchg o{‘ |
the odjpslable wesistos, which is @lled dardord sesistos
Hence Rx: RaR3.
TR
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dymnnaadin

oy

Sen&'hw'{cj of wheat Stone Bocdge
cohen the bocdge ¢ bakinced | the cussent theough
Q;;\\Ianom efels (S 2650 - BQJ wﬁeh bmb[ge S no{ ba[aﬁ(ec/ |

custent {locos 'H\Gough the 5al\cgnomefe6 Causing the
deélecéc’on « The amou_nf O( c{eﬁeclwﬁ deperxlg o'y} #)e
g@n@étlc'\lé} ‘:)Of the gqlVahomé{GIS « Thes SenSfZ'Uc’[tj tan be
exp'aeSSed as araount o[ d?ef lectcon pes anct Cuzstsénf.
Sensgévd/cj S : cjeﬁec{@n D mm/MAi néclzahs/MA'
Cugsent T ’ ’
| o © clequees| HA.
Arothes ooy of m\%e&enlc’ng "the gol\fanomefezs, |
Censtivly s the owjouml of deflection pes unit voléaae
acwss the gulvaroraétes - This called Voltage sensfivity of
the qaluanorefes ‘ | |
Sv= O

n - \follage ACEOSS gal\/‘anom‘ez’ezs

$)v 0 - Deflection o(g:lx/anomefezs

Q;.)“ﬁc'le #»e 6‘66'0196 SenSéiuéll(j S c!@&ned ‘as the d’e{/ec&on
of the Qpluancroetes pes unit froctional thange s the
enKNoeoN “ﬁeSiS{ahCe ’ '

'SB - b ' A%: undt [mcécbnalckanse N

DR
| R Qunknocon EGSC'S{anCe .
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Wheat stone bridge andes gmall unbalance

The ‘b‘s(olge sensitiv 5113 can be Cakub{ecl’bg) 'Soluér)g
the btsc"olge Jow Sreal] unbalance - |

To defesnine {he arcount o[ olef [ec:(c'oh thed covuld
ﬁegu({ fos o partica b deqgpee of unbalance ,genexal
ciscait ‘amalysis ton be applied, bl sedhall tse
Thevenins theoser: |

Soce  coe ase dn%B@&éeo) () cle{ezsmc’n(og #\e Cu?%enf
Fsough the 'gp\vanme{ezs, we wih1o find the
Thevenin's ethml Chf, @Seeh bg e ao\VahoMellezj'

, TL\@Véﬁﬂ‘c 'e_q;aé\ra(enf \ioffage i t/\omd bcd |
dcgconnecéc‘mq the gal\nmmefe‘d {\‘Gom the bﬁc’dge &

defesrine the qDCDCLSCw'{ Vo[foge& befuween fesrinals

o&b | LWE‘ 2R

APPl(jéng the \folf.age cliviclex - \o |,
\E  Hy
@q;uql(c'on, dhe \fo(tlage af Poinfa Can R”’, - Ry
ID@ C}C(({B f"?(h@c’ as {‘OUOCOS, | unbalanced burelqe
o - EXR3  fpoint b, b= EXRY
RitR3 R21Ry

Thezse,ém Lhe VOHQCF belwseen = ¢ b is the diffeserce

between Eq § Ep cohich “66P15€S€n{$ Thevenin's
eq/ui\fa(en{ \b(fage :
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o e e tee st e s LLL Vv JCi
Sunnninfand

thesefose  Egp, = Eab = Eq-Ch = EXR3 £xRy

—_—

Eab: Eth- €[ 2 . Ry 1
| _‘2('\—(23 f21+f2q

Tk@Vehiﬂ‘S ‘Qc\/ui\/a[enlc BGSéS{ahCe ¢an ‘be oleze?smiﬂecl
by sephbcing the \/o{t[age souce € with its intesmal
fmpedODCe o8 othercoise “shost-coscadled & CalCu[al[chg
the sesistance lookémg éto {eseainal s a £ b. since the
inlesral sesisfance s assured to be very low, we
teeat H as 0N - The venis 'ecuué\/alenjg vexstance

Ry - Ry
0

n
of the coscait is R [ R in Sextes coith h ""“‘é‘“‘g ‘“A’A"[“é’”‘"’”@ £
e 2y

Ry /] Ry e R IRy 4 RyllRy - r,ru‘?u,,_u..._

—

RB f‘?L’ . »
Ry 2R3 RaRy |
RitR3  RytRq |
{ a %O‘Vaﬂome{ea i< tordected - M‘gf‘ @0 o
ocxess fesrninal a € f s i eodl i‘ ,, o o
expeseince “the Same deflectonal 1 Qh_. | ~of )

the Oufpufof the Emblge + The magh'c‘z‘ude of cussent (s ]
[L‘m(f(ec[ bcj both The\/em’n‘s eq/uiuale'n{ 5CS 53{0&@ ) an o
wescsfance tonnected befoeen 0.6b - the wosidancs bl
Jagb conssts only of he gplvaremetes sesestance Ry
The defleclon cussent tn the qalvanomeles ¢ thesefe

: + . Cth
given 69 Tq - R
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gm >B ELELIRUNIL IVIEASUREIVIEIN 1D OLIND INUIVIEIN T A TIVIY
anmﬁﬂf

stobf Inthe coheat Séone bcscclge, the v;([ues 01/ b@SCSL[aneS ’-

of vasious axsms ome p - (OOOD_ B2 looJ), R =2,008)2 £§ -

lmf The battess hos an emf of Gy € regliqible

Cﬂ eZSna ?Se&csfance The 6@ \fonmnefez{ has Qa Qmenf

Gen %céc\/m&j @@ lO mm/M/% & cnllc‘(fha Be&cs%ance @ﬁ(ooﬂ-
[cu o»fe the d@FV@CLcon c@ gg Vanory.e ’ezf & Senséufc@

of the lmdge, inbexes of def/f'on peﬁ and change (7
sescstance - e >

Rescstance of anknowon sescslos ~wequuised b (, 3 A%

hobice R - (/Q)s i gs,toclaooézoo

I the ackual byiclge “the trkpoen wesskog kosmrci ue of
280801 ot the cleviadion from the bolahc
AR = 200S- 2000 = S/

thetenins Seuae genetclos gy € [ R _L]

e Cor\olcécor»& AN

R+S P+q
- G| 2008 006 _ 3
o0 o =[-6%7x167y
2005 (oot 100

Trlex ﬂc«[ ;'6@30‘5{0\\’3(,@. of é)lsc'o‘lcae '[OO[(éﬂg o {ezshr)fruls bgd |

Ry RS 4 PQ ey,
d‘ms 4P+Q = 2T 8N

Hence the Cumem‘ thsough 9 alvaromnetes

. J. -3
Rothn 212-3 }160
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E ,’E bl VWIS i IVILMIWIILIVILIT I WY O Y2 INWIVIRIVE M T IV LWk ¥V JCiil
giﬁjﬁ

REANS

De{\[ed(on 01[ go‘Voﬁomdebé S, ,TCJ IoK} = 177”\"7

SQWS{LVI‘((:} o\[ bzscofge SB 6 =27 =6.54™™m /Jl_ g
S

OR
prob: Fég conscsts of followsing R, =lok , Ry =5k -§ R3 = Gok
Fend the wnknown sescslonce R - Ry N2,y
Fsor balanct « \ p!
NN eq Ry=RoR3 o I
R, Ny

psob: A unbalance coheazls{one biccge is 8“’e” ‘0 (19 calealile”
the cuxssent 'H\&)u(jﬁ ﬂwe ga vanoroefes

lee "N\@VenmS eq/ac\faleml volfage

befueen a € b Ew-€ 1Ry R3 - ™
| Ry tRy Ri4R3 \‘

Eth = O 132V

TLe\Ienm‘S G_q/qualen{ ‘6@86&7@&1 < Q{hx____,

The cassent 'ﬂfmcgh the ep\VQDOﬁellelﬁ & qiden by ’
Ty- Eth . 0132V ’

—— = (288 HMA
Rtnt Ro 3188kt03k
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Ad\/anhaes : ~ -
l The sesSult owe 001[ depen anﬂll on #\G ca&'ém/cfoo &

ckamdezst‘s&cs O[ ac\\vahqv@lld & aS 4 coosks ‘on nall
d@'g /ec&'on

2 The SoustCe e g toacculalies due 4o e sousce
qf(uduaﬁ’orﬁ do ot al[fecf the babnce o[ 66(‘013@- Herce
the Com@SPomdchg 'CEHOLS OB€ Com p(efelcj 'ox\fo[olec[—
3 Pue fo null d@q[/eclzbn rethod ued y the ACCBOLY &,
Sens{éudt/fj & highes Hhan desect deflection tefeys.
Licadtations: L
Fob loco *BeséséinCe 'meaSuﬁememl y the Ge&cSz[anCe @f the
leads ‘g contacts 'bem Sdgm’[c’cgnf € Tnbsoduces on
CS800

The b&dge cannof Be tsed ]Q)bhcgh “ceSéS(ahCe measms@a{,,
Thes s because c_ofw[éa Such “measuserent f/ue-&&&{mce }
poeSented by the briclge “becores So laxge *that e
Plvarnorneles becomes -t sen sctive I <hoo any fmqu[ar)(eh

Scmfé)l{ [‘j h eazchg C’,\[(‘ecf OQU@ bo 663@ Ccmﬁenf q(go
p[ags Q m\{oti sole T})e excesScve CuMQﬂ\l&m&'j gene&ou[e
heat which may cause dhe pesmanent change én “sesistance
Applications :

T &S used fo measuse the de ‘SeSc'S[ahce Cf Vosous %3 pes of
eoies fos the puspose of Ouualt'fg conteol of cocse.
1 5 osed o tecsame the wesislante of molos winding s welay

Course Code: A1414 ECE Department




kelvin's Briclge:

eohen {Ae 'mgig‘anCe o Ee 'meaSuUed s of /Ae 'owdezs of
mcanc'{acle 0[ bzséolge confact & [eCld Besds{ance ;& MOC{"{;@C]
fozsmop eohead S{oﬂe's {3656198) the kelvins ‘bﬁfdﬂe‘s emp{ogec[-

kelvirs 'ba’clge 'S a .modcfc'Ca{c'on of checd slone's ’btsc’dgeé
ts ased 15 meaSuse va lueg o( “GQS(ZS(aDCe l)@[ow (JL+Tr [oco
-gegég[ame meagagem'enzl 5 the X@Sds{ah(e oﬁ the lead Comecz[c'f)g
the wnknown wes&fance 4o the %@@ém’ of the b&dge ciscait
oy offet the raeasisernent- 4 }E |
 Consides the ciscuit whese Ry AN
‘Gepﬁe&enfs the sescstande o the
Connectliﬂg leacls —pmm R fo Ry . |
The qlianoreters con be corrected Ry
elthes o poinfc o point o | a\b 7
twhen 4S Connecled {o poén!a, '%Re.ﬁe&dsfa?cé V?(j of the
Cmﬁ@dc'ﬂ(f} lead ¢S Qoldec, {O the anknopan seSitance Ry
edhen the connection i made 4o POmz[ C, Ry & ado’éd {o
the f)ticclge osm 23 E’ ’UC’Su[fZDg Mea&ﬁemenllc)[ Ry (S
locoes than the Odua/ Va[ue, because NOCO z%e Oc{ual
value of Ry &g hég{ﬁeﬁ Hran [{3 ﬁorﬂéﬂa/ Va(ue ‘633 the |
'SGSéSfomCe ‘(Qc‘j- I# 'l‘Ae adflfamme{eé AS Cohﬂecl[éd z‘o |
POC(# b ‘A é)@-[co@en C&Q i Sach waoy l%a‘l[ the
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Busntwnmand

‘60&'0 of the '66&6&1[@’3&3 ‘f'éom clob & {AQ{ '{\EOmou[oé
Eq[ua[s the. mfc“o @f sesésforces ‘R &Ry then
Rcb Ry 0 | .

p— R

Rab Ro '
the uSeal boJance eq/ucalcone T43“6 %e Eﬁcolae gule 1[/)6
Bela!@ﬂ%l’np » ‘
| Rt Reb = ’2' (RsiRab) -0

bu{’ Rab+ Reh - @3 é; Reb - Ql
b Ry

O‘OUL'”% ' o -both sides
Rb o Ry

p&b pl
e %cb_ 0,
Rob - "Ry
e"@ ’ ‘2\’ - "QH’QQ_
qu sz’_" .
'QOB:' RrRy  gas Robt Reb : Q‘é |
R\4+Ry Reb+ Ry-Rab = Ry~ RaRy
| S RtRy
Reb - RiRy ch Ry 1“21‘23421%
R§"\'RL | R\‘Hzl_

Sub&ml mg (‘015 b & ch (o eovuahono
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R #RiY & [23 y RaRy
RitRy R Ri+R>

Roct BiRy . RIR3 )RRy Ry
Rt Ry TR ek
Hence Rox = Rz
Ry
The ouameol eq/ualmn & the USUCJ Lotvea{gzones Eaém(e
eq]uohon & 2 tedicades Yt the ef&cz[ ‘ol the GQSLSl[aDCé’_ o{

the Comec{mg feadls {eor - eoint o o point ¢ bas been
eliminaled by Comec{mg the cgpluan omefex 46 an cn{emedu}ef

postbionb-

K@/\/mS D(Dub le bZScc!rc

lee a[:x)ve p‘cmc:ap T@sﬁr{vs ﬂ»e ,Ea&'s c}f ‘#we c&&(wc(@n
Gf kelins doub[e bbc’dge . LZ & a double ‘bﬁcblge becacse
OCo p’jﬁa(es o Second Se{ o[ m{[o OBrOS - € .

I
Tlve Secord <el o{aEmS ag () ;
Comnect fﬁe ga(mnomellezs {o a
Pom‘f ¢ ot the PP pﬁca{e (!
plertial betooeen o & 0 Cornection Q;,
ef?g Uwe Eallco of #‘)C/',“GQS(S{GD(@ "

@ﬁamsa& bCS’H'we Same a Hwem{coo(qg&{gl The

Qal \Vaﬁomefezs aﬁclc(:a{ cs ‘2et>o CO")GG’) po{emlca/s at k&C
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SRR R R REEEEEE T e v o

¥ ch tn

Vtmc

IR 3+

Sirollly E(mc .1 !23+ 5 [ (atb) Qa]]

\/ bt Ry

oxse GCVOLG{' Consedess the path fson L-m-n-0 baktol 1%
. . E Hhsough batlesy £ The sescstance blw {he o
' EU( - (MC  lesnirdls ™MEN ic poralle] combiration of [R3|+ Dj”
/’ - Ry § (ath) (Q“h)‘}
But £ =R g . ec- T[Rgﬂzxﬂ‘ M_
, V1ol R %b) }
coe Gef E = Ry x T [725 4 Ry *M} i Ix[f;if }
’2( + Q)__ "afb“?‘j Vic: &

LC'/

. | Eling COM&O'@BPG"\ Ff@mteﬁsrmrﬂf Lion - . -
ik = Egnc LRy M

1e; ()R ] b [ty |
Ry AR 9 . Ro ot D —
Ri+R 7_[ - b Ry l[ atb {O‘J‘b‘LQ‘J}

Rc- RI#R3 bRy ‘&-9_] -‘
| Ry (ot btRy) - b J

bt R o
Ry b

R'L : 'Ql QB

| Y

T molcca éimz #)e %eScS(anCe op {Ae Comea/mg

ﬂ\all -}L\e “Gon[coS 010 ‘#\e lS@ScS{anCe Op '&\e 'fmo Se{g @\[\

‘Ga%co IS Ose eq/ua/ Ina {3P6Cal el u;os bﬁcolge .H‘.@.
tonge Bf sescsiante vered << |~ 6 0000l SL (loMohm)

lecd R(ﬂ e\ ﬂoegfec{ on #»e MeaSuISemen% Pﬁowc}ec/ '
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PUObf L in fcg “the so1t0 O«{\ Ra to Rp (s loopJL, R| ¢S S L g .
@f Ry . Ra | | |

—_— > —

R Rb [oele)

Sénce R, =Or§’21 LRy = S/O'S- =loJL

- Refio= 1], = 0ol

psob: A Kelven couble Eb’c'olge cach of the sofio asras
P=@ = P=9:l000JL. The e of the baffc&j « oov § a
‘Ge&é&wlahce o@ GfL ¢S c'ﬂcluc[eol in the f)offe?ﬂj Caya,u'f. -'U[ue |
Jalvororetes hos o sescstance of So0L € the sescstance of

the (ink Connecédﬂg the unknown sesistonce 1o the S fardord]
vescs fance ray beneglec{ed- The bﬁm'olge_ (S Ea[anCEd hen |

the Séandazs d ves c'S(ahce S=zo00lJL
Q- DQ(QKME,D@ the valye (f unlmown‘(SeSiSfan@

b. D@llelsmc'ne the Cu‘GZSenZL H\‘ngh the unknoeon
vesisfance R of balance

C. De%etsméne the o’eﬂech’m o@ go
Sescsfance R (s Charged by O1/. fsom ds volveat b,

Tf'»e ga\\/an(t)m etes bas a Seng¢

Al Ea{cmce, the value of tnknowen wsisfance

R= PS _ loooxo
QR l6oo

=0.00lJ)L
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b.ff we exarone the keluin b‘&:’cjge ekt ) e {End the Be&c'gfozg
P,Q & Pq axe inpavallel exith the sescstance of link ¥+ Qemce
S S heg&’gc'l()(e EPQ:p &q ‘have [a‘@@ values ) the e{(eal o/\
oo @S * Cans be 063(60[601 {os the puEPOSG oFchCu[alltbnop
cwssent - |

T- _C . _loo = 20A
Rp+RES 54000010001

C. The Valu@ R S C‘)O\I'QGC’ l)% Ol P(’,GCGH’{
T New Value R =000l X0:008] = 000000 IV
voltage blew point L § ¢

fod - R1SEE .z -
Ry#Rt S+¢
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Ac BUL’Q’?@SI Ana-c¢ ba’dge in dls bascc fosea consests of o
fous axros, o Sousce o{ extclotion ta Ba-EnCeol cfc(ecfolf? tach
asty Consists op an impec)ance . The souxste & an a.¢ Qupplcj
Supph'eg ‘A C \}O[fage a{ {/\e “ceq/uilsed {)ﬁeq]ueﬁcg-

Fos bigh fsequencies, the electonic ascdladors ose used
as {)we Sousce. ‘[A@ f)olomce olc{cc{oﬁs 'Commonlﬂ used 1[06 aC:
bucclges ase headphones » tunable armpliiess o5 ubsaton
%o\danomcé{@& Bolancéng o[ AC 'btic’clges (S MObe o(tf(cculll
fhan -0C baiclges becanse both magm’{ucl@ g phase angles
Comalition “hove {o be Sou{cs/(\ed," |

the gc'mp(e ac E?Sc'clge s the cudcome Gf %emkeafsfone
briclge - . \

stc'dge Balance Eq/uatlz'on

Fos buiclge balance,, the -
Pofen{c’a( o€ Poéﬁ{c roust Ae Same
asthe potential of 0+ These SENE

potential raut "be ‘ecuual (N (ezsms of ‘amp[[(ao/e agB@bspPuSe
Thus the chiop fromm Aloe mud be eqjual 4o chsopactoss
MoD | i (Dojl\ agnitude § phase fos fhe bocclge balonce
" Eac = Ep o ..

Tke \leCéO"ﬁ- CﬂC{L’CQ{GS ‘both ‘amp(c'{ade & PAOSG {oéeConSc'c]ebeol
. ﬁl = Ib_zl — @
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tohen the bsidge. i bdanced, po cussent -flocws through the
heod p‘wones
,13‘1' & "IHZ‘T?—

Now) E‘ z .'/E _ ——3@ & | AKI’L = _6 "')@
"2."}2'3 ) 2')_’}21.1

SuloSihluéé LE I 0 ecuuolc'on I

R I

212y = [hly o bolonce eq/u (N c‘mpedonce{)oﬁm
In #»e ocktance 1{\05"0 '\/, \/q = \/9_\/3

Nowd in fhe.POb?S Josea the c’ﬁpeolah(es ase exp‘cesswl as
2022000 1 2,:25/0, ; Z3=23003; 2472418y

Note “that the psoduct ‘of the impedances must be cassied out

in polos fosm cobese wagni fudes - 9el maltiplied § phase
angles get adlded-

2,18 x2418q = 2516, X% L0y
2,2 -Ls,srLeq :22‘.‘23 /6,163
Eqading rooqpilodes of both sicles 2124=2223

Equuating phose ongles @4 6 = ©5 163

ros ductive bﬁomcﬁ, Z) = R+3x, = IiLl /16
2e=R-3x¢ = 2] -6

w| =2 {LIL § Yc-.j;fcﬂ
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Maxoells Boidge

Macoells b‘cc'olge can be used 16 reasase incictance
bg Comf:oasdson edhes with o vasighle S%onclazscl Se/f
inductance s coith o “standosdl vasiable capacdance.
Moxwell's Tnductance Bzc'o[ge

useng fhes ‘b‘(ic’dge, CIE Can MeaSule ('nclucéanCe 'bcj

compcm;ng] i coith a Sandasd \Icafcab/e Qel( fﬂclucfanCe
avwrged in bsiclge coscuit |
N A -

\ / V(:V'}n

- 4 ‘;l) ':Lf i” i‘3
7\ v 0 14 $

Ry “ove of 'Hﬂeﬂoﬁms conssfs Vasable énclkctance codds

Seees Eesds{anaa Ry . The ‘cerfBaéning oBN Conscsts unKnocon

inductance Ly ¢ anknoon sescs fance R
A balance , e gef condtion as
R . Ry
[@3M> 160 sz * (R +x) oL |
R [CR:)Q%MC) +3wl.x-5 2 Ry [(Qg»w) *5“131
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SuesmmaMAR? e v o

T R Rx RS ORI = Ry (Ry+8) + S0 Ry Ly
D R (R 49x) +50R, Lot = Ry (Ry45) +Jeo Ry Ly

Eq/uofc'ﬂg émoaiﬂo@j | tesrng

Ry L =Ry Lo
LLDC = Ra, L?)
R‘ [, Ry = C‘Hﬁ) Ft
%Ualc’ﬁg seal tesms . 2
Ri(Rx4sy) = Q)_Cl?gﬂi) | _ézl_(ﬁafé)_f“hc
CQ:QHS;C) Qz (‘23 1'?5)
Q)cdwowf B €8x '
Ly - Roly : Ry = RoR3
‘2| Rl

Mo wells iﬂc)acfaﬂce CoPach[anc@ BZScO/ge,

asing thes buicge, ce can measuve incluclance
bt:\ orapats N9 cxth o \/cafca[)[e Sz[anC[aKcl @e\eele; {o-
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TRATBRARANT

Mo ooell Bm’olge Measuses an unknoen lnoluczlqnce
c'm[exms of o Knocon quocc'{OﬁCe- The use of lardlawd]
axBrO 3@(@"65 fAe ad\fanfage o( Cmpc(cfnessgeagg &hc’elclcbg
| ’dwe chaa'{ozs (L otlmoS'll a loss - less ComPoDe ntz‘ one
o has a vescstance R i pcma//e/ caith ¢, € hence it
i< coSées o cosite the balance @q/ualcbﬂ uSchg the
od méf{ance @(: oM | mg{e_aol o? émPColanCé

The 3¢”@®{ e"VUC*L'O"‘ of B‘Géc!ge babince
< 2 Zy = Dy D 2 x <2424

be Zw= 2223 25 s 2523y, ()
2, |
hese 2 = R, (n pPoXsa /e/ w¥h Cy te Y, = -
.‘ , [
2y - Ql 2 Q3 Vs 1y
R

zx mege&es @cfh L’JC = Qx’r)wl-bc
Fﬁom GO\I Uta{toﬂ @ |

Rac 30l = Ry Ry [—’Q— +’jwc]
{

QD;; ‘H&JLDC = Q}_R} 3 ch QQ_QB

R

éCUUOth tecJ pouds

Rx - Q1Q3 |
R‘ [QC: C( RzQa

EC1/001["”9 (FaLgiNaY pots
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A[SO Q{’OC'{OB ': QB_ = CJC|Q|

TBc’S b‘s’c‘o’ge i< also called Maxewell tien 65@196

Aclvan{oges g

- The bolance eq,l(la{cbn AN éﬁclepenoleﬂ% of loxes
OG,SOCiulecl coith c’nofu(:{aﬂce_ . o

'Z'Tke bahhce @q/uo{c'on S éﬂolepenc)en-l Qf {\Seovuzmj

o( meaSuserent:

3. The Sk of wesstonce o be ca[((;b:i{eol {o ‘Gedol the
Mw{bﬁCe cﬂtsec{/ Y | |

4 The Scale of R, Can EQCQ[Z()GO{CCI 'xZO“GquJ 'Q\blueo[c’&t@ |

5 cohen the Etsc’olcje ¢S éa[onced, the odg&:ﬁp&mzl g

| Sewies coith cod ewdestest - sesistance Ry TR~ (S
Se[ecfec} 'So\CH 'f%oal c{ Can C'QKSLJ H’fﬂh Cuxsent ) ﬂ\en
beovyy cutent cowsqing copacitfarce g coils cor be
teshed asing thes bsidlge:

Dis Qd\fantlages : |

I T Carnot b@ used —/\ozs 'f/)e ’WW@OSQ‘GGMCD{ O{ lﬂtgﬁ Qv,alues
He vge ts [émc'l[ec’ o the rOeoSUlernent oﬁ locd Q\fO«[ucS
[}60("7 o110 'HS Gan be psoved (’com ‘Phase cmg[é balance
Conclilion edhich Soys that Sam of the angles of one pay
of opposdeas s  raust be eqjua |
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840y =D5103
Baf ©2 § Oy GBC2e50 asthe Comegponoléng émpedan@s axe
Puse ‘Sesistances - Jos high § valaes, the angle G, S alost 9
Heoce ® wust be 2q0°. Butg ‘36{’ deccled ch pa‘«a[ | combiration
of R &C» To gef B, as aleoost = 90° 5 the value of R, thouldbe
Nty Vesy hdgh : Ptsac(c’CoUg Such Hc‘gh‘seSc*sfanCe s nof
POSSC'U@ . Hence "n'gh QUa(ueS Cannof be WeasSused-

o Thewe an tofesackon between Hhe sesistance § xeackantes
balances .- "616%&()6 e balonce ao\ju&fmenf & (Hle 0&4’ call.

3, Lé IS CmSu((eol [Cm {Ae Ca[S wc#w /oco e\bb[ues ) less #van ohe,
because of kalaoce Con\feﬁcjenCe pmb(em

psob; A roaxwells «~ductorce @MPASESON Eablge IS gbowm N
frey; Asea ab Consésts of o cod coith indluckince L ¢, ses siong
B, in Sesels @ ith o bon (n ducéé\feKesCS{ance R. Am be &

od axe each a non- mducéc% wescstance o{‘ [0OSL- Asey ad
Consists of standerd VQKcaé e inductor of sesistance QA
32701 Balance i obtained chen Ly = (1.8t £R=13600
Find the sescstance & induc bance of the ol in agmn Qb

at babince

[ (R4 ﬂ'wL.] XI00 = (sy4iw0L 5 ) X100
€q}uq ling '“6@[ ¢ [mgc'rmifj
Ri+% =%y € [, -1

" Qes;‘slcmce ‘of col By =82-R =327~ 1136 - 7, 3&11
" Induclorce L1 :L_l 247 g H
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poob: A qua)elf s quac[{aﬂCef)E[dSe shocon in 1&‘3 & used

toreasuse on unknown inductance ¢n com pasciSon ¢y (th |
Capacitance - The. vowious Values of bakince

Q)'_.: GooJL 5 ‘(23 =600~ﬂ- ) Q(,{ ZfOOOﬂ) CQ :O.SM—F |
Ca(cu{aée '{‘16 Vo(aeS Op {2' & L‘. Cdcu(a{e_ QlSO H\C VCLleC 'O-/\
vany-Stosage ( Q) foctss of ol of fsequency s looo Ha

At balance L  Re
Rt /Ry > \

4 joog Ry
SQP@OL‘”‘B vea| ¢ (roa oY

R 1000
Ly = RyRyCy = 400 X600 X0 xio6. O 12H

S(O“Gouae {\ad(% Q = Cdé-l - ’);TTUOOOX@D: )
| ‘ 200
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An deé&@n S E?Sc'dge

In e ﬁhde{S Son's Etsc'dge, the unkrocn inchuclos ¢
\.falue (i de(els rned ‘N éeﬁms of - Kmowon \fa[ues ’Of |

CO\(DOCL'{OLDCQ € “GQSES{QV)C e Thes & Q mdcﬁecl '{‘Oﬁmo{‘

taxcoell wec[gvs bzsc“olgeo -

: RN A
oY . - D 20
(=) —€9—
(o}

| T
The ba/onccng condlifion of %c’siﬁm'o@e con be cagly

Oblainedl by converting the mesh irpectnte (Hells)
C) RS, Ry o o eq/w'\lalenll Sécas coth the SL[OCG Poc’nf @)
oS Shocon in ][zg b bﬂ:; usng Séab / ‘ole[[a‘ tyan Sfotsmafc'or)
AS pes dello lo slos émnSfoﬁmOlliOﬁn | :
Zop = _R3Rs

Ra4Rs +[jeoc

ZOC = _;va/‘,ck)C = 23
Ry+Rs 411
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L T IV I WIW IFI LW/ I IFIL I e " TS I s SN U S Sy

& unnnasian F

Hence uiﬂv-ag b

2 R +iolx Z5:=Ry 23 :=20c :~—————-—~‘23 /ch Zy=RytZop
Ry45 +fjec

Fos bolance CO\"3CIL'éL'C)ﬂ

2| 23 7—11(1
i@:tthx, R3/ yuC - Ry [‘;Lﬁ s Re
“Rtes 4 fac | RatRs + e

@JCHGJLX % = RaRq (R31Rs +Yfioc ) + RyR3RE

Rx Ry t
JoaC ch QOQC
wC '

= Ry RaRgt RyR4Rs —IRRY (o e
e

Eo\/ua{c'n9 {‘we '6@011 & imo%éﬁot% POQS{S

[x R3
C

Lx = Q [‘21(23&(1 4 Q}_Qq Qg+ Q2Q3(2S]
3

S

= Ql [23‘2(.1 + QquQS“QlQ:") QS'
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_§r21(23 ) "\.\QlQL{

oC IC.

RI, (23 = QlQ(f

R - RaRy
3
I{‘ \a\G Caqu({OlS uSeo’ IS no{ Pebpec{ ; the \Ia[ue a(
énduc{ahce veran$ unc(nngecl, bed the value of QCharX}es
Ths reethod can also be used to measuse Jhe aapacdance
of the CQpaci(ozs ¢ i o calibsoted se i ciductance s available
Ad\/cmfa qes

I- Can be US@CJ &6 accmSale 'meaSuzserdenf Of CapaC[lance ch(e'smS

ol inductonce
Q'O(L)etg {o‘cc'o'ges 'U@q/ume \'} am'aue 'capacc/ozs ('xu{ o) Q’xeol (bpaa’(ox
Can be used {os andesson's bscclge

3. The btsdo!ﬂe (S easy fo tolarce {‘vom lonyesgence pa’ﬂ{ Op
\ew compa‘sed {o Mowwell's 'bm'clge th Case ep (ow values C"l cY
DcS ch\/antlo«aes

{- I{ (S ro%e Complt'Cc«{ecl {Than O‘”‘>e6 ch'clges

2 USes rose r\UMEe}S O{\ Componenfs

3. Balance eouuc:@c'ons ase also ‘Comp[z’c:a{ec' {o olesive

G- Bﬁcdge cannof be 6036[3 <heelded due o acklétional jurction
point, 40 owoicl the effecls of Sloay Capo«cc'fanCes.
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Hagrs b(j('dg@

the livadadion of Maxeell s bzszdge s thot ot
Comrof be usecl {os ch'gh Q Values . The Hays bzsc’olge
&S suifable {os the coils hovigng high q Values:

The olc'f/%eﬂce (o Naxeoell's b‘a'okje & Hay
b‘Sc’dge ¢s that the Hays E)Bc'cl9€ ConsiSts Of sesiStance
R, (" Sewses Q)c'{/w fA@ S&m ol Capaca{ozs C, 0 ONe
o( the vodio oxens - Hence ]Qm [@63@25 p#n&e ong/es R,

Deeded ¢S ‘\fezscj [ooo, dhih s P‘mc{ct:o ()/e Hence
6“66619@ can be used {Los the oils coith th&valueg.

All ba/ance 2\ =222y Q")C\ﬁe

2= Ql"j/wc. L 23: Ry Z3=Ry; xR tdclz

[ R~ oo, | [ R Hoole | =Ry 2y

R 1Lx . igﬁ_ Fiwlx R =RyRy
Gy - 6C,
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E%uo{c'nq weal & imagiha&j

- [y -R R
R Rx 4_%‘, Ry Ry IS oc
Sol\/c'ﬂg {018 Lx &Ry Coe Have

QDC?C«DrLLxC|Q| “’3@:

e R. [-ColeC.Q:] Jr[i_a_(__ :Q-)_QS |

’2( CLx+Lx —QlQB

Lyt TR et Ll = Ry Ry C,

\;Lx, z Q'), Q3 C‘
4R

subslidute Lx o ecvuaét'oﬂ ®

x = C*)lk% C(l Q‘ Q')_QB
| |+t R, >

¥
=

CJC|Q|

‘TAG {exm CO appeaxs N 'H\e explseSScbn @6 éo#) Ix &Ry
.ﬂWCS éhclc'c:ozes Thad the "E‘&c’dge ‘S '}[5@0\{0\600:3 SenSc'L[('\/ e

CM)L)(_Q
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Ad\/anfages of Hays Bm'dge
T s bes! suilable 1[)66 the rcosusernen? Q( incluctance

eoith Hc’gh &, {LJP(:CCJ[y qtseqfezs than (0

2 Jues Vesy gc'mple expyession fos A foctos irfess of
elevverts i fhe btfc’dge
3. 71¢ “seq/uézses Vexy loco value Reystos R,

& inductonce -

D(S aolvan%aae

1o reasuse high

T{ (S Oﬁ(tﬁ ‘SU,('éQE/G 1[’0“6 Meqsu*gem@n{ O[ ljc‘g[')Q é“du({an(e

-~

1+ [
Fo¥ higbq c’nducfanCeS 3 C'/Q 2) lowerr com Le h@E)leC éEZ

But 1f0‘6 loco A MeaSuserments ) (l[Q1> tesro (s Sc'sm‘ﬁton{,
hence conrot e neglecled - fonce Hoys losiclge ¢g pof
suilable s the reasusernent of low @ indhuctarces.

pob: Find the Sexies CC{/ui\fa[enf “ncluctonce € ses(Stance
of the retwosk that Guses Hoys Ezfc'olae to ned] coth the
follo wing .(36{0?9 €. oot ooy

R = (kR - €O=30007%ad[s, R, =IOk, R =2kn , CeMF

Q,x: CA)?—Ql Q)_QBC,Z

=(-86kh ; Lx = Ry R = 2lomH
I+ wrR2¢, - [ 4% >
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Schezsmg béc'dge' |

A Vesy 'émpoﬁ'lonzl "3’650136 used 1[\015 the piseCéSc'on

Wammmem[ O(\ CQFOLC{{OUS & #)EL’ZS ACﬂSuIallc'r)g P?SOPGZSA'@S
(S deezséng's ‘D‘Gc'd(ae.

R

| Cx
CB e

The S(anclaﬁd Cqﬁzctfob C
havdng vesy Stable volue.
Fos ba/ance,’ the gehezsgl eq/ual[cbn S

A2 =252y 3 23N = Ze

b 2 s 23 Yoy e
. . ’ _ {

(R - Hoocx ) = Ry (Hhocs) (Fticoc)

\@}_C‘Q__ 3 Ry ¢ |

R [w(,ﬂ
(—Iq;méiﬂg ?Seol ELémd%éﬁaftj

S S[abola&ﬁ aicsCapacmlob'

1!

i’

.C’b

Q:)C?QD'C' £ Cx - 'QIC_B
) R
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TEARLERRANT

powes factos : The “powesfoctos of the Sesies RC Combioalion
(S defined as the cosine of the phoase angfe of the Ciscudt
P-f's o8 By - QI

2% |
Fos phase ang les versy cbseto 90, 4he seactance -& alepst ‘eq[ug[’
(o ‘ampeo(anc@ . ][’ Q X . QX ) QDC C,x’ .

X x (J—— )
Wl :
LOSSQOSIG o5 a Seste$ Combcnalion o( Rx &Cx #we ahgl

beteoeer “the vo éage acsess the SezsceSComEcnahor) £ vol /age,
QCHRS 'H')e cq(x\aéﬁ Cx € Cal ed (OSS ar79 6(9

T;:; Spermmey T Fisor frg tonf= IRx _ €O Ry Cx
. | —L_
7 : ) I(cocx)
Y %&o%kw(ﬁz CQJ
ICwa) B Ry
% B
©dan§- o 022C, - C3) LR C

Dcsstpaﬂonfac{oz; (D): Foo Rx- Cx Sevces cescudt, ulcs
Cofangen of the phosearvg(e o |

COf?Sx -

. / = C«)Q Cx = R, C
fonqsx [ c;ﬂ;)] A
LRy -
e ﬂ/ucxlc'tlg {’ac&o‘é @, s ﬁecipboco[ of ‘dc'SSc'pmlc'oﬂ #JCLZOK
D=4
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Sousces of €wtoss in Boiolge ccscuds.

e hove assaroed in ous desivation of bascc ciscuct
Se[a(c'ongﬁc'ps that a‘m’olge Cthc's{s 6{\ [umpeol
Empeo[ance encts Conne Cled 0045 b‘j the cocses ‘ﬂuca[
oe ploced i the cescadt {os reakdng conneckions: Thes
idealized] Condlition exisls i bisclae cascwts o alesses
o)) <3‘6€a{e6 ex{ené ' Ttwe (’clea[ized ocsﬂancjmenf cIOBKS {&13
coell ¢ the p«eq/uenaj c's(ooo, i@ Componen{ t‘mpedanCes
ose ot H’gh & il accusocy dlescsed ¢« ot hcgh Bud
i psoctice these oxe Ceslain factoss which coehave ot

ConSdcie‘sec] \,’ell & these 'Comp/t'catle fAe b@“n\/cbcm 0%
beicdge ciscaits

Soroe df these {:A;{OISS ose | |
S{Eog Coupléngs {)e{ooeen ane ()‘Gc'olcae asm™ ¢ anothes &
(360@ @lemenllst {O (37500\00(' TL’CSG S"'[?SC&% Cmp[[r‘g,s md-)k'{(j %e
ba(anCQ lCobolc‘[c'ons mkc’og a ole{z'm'{e bolarce c’mPossc'ble
% ray feacl to lalse ba/anCe - . |
S{ISCuj- Conc‘luCéO\ﬂCe ,Ef[ec{s due éo-émpe’b[écé thulal[c'or) |
walual- inductance effects due to MQane(cc COUP/chg beteoeen
\JoXsouSs Compoﬁen{s ol the ()m'clge

S{mcj CO\POCC'{G‘\ Ce effects due to eleclsoslatic {rebs betuen
Corduc{dcs o def{eent pofenié’a/ S.
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*seSéolues i Componem[& C'% {He e:CL'Sm[ence 01[ Sroall arcount
of seveies, codluctance os dhunt 'Capaa’t[ance in novinally

hon -“6@@@((\/6 se&ésfob&

Technc’cvues used. “{o Qeduuhg ETOBS : (67) Sawbney
- UuSe of ‘76’95 C1/0\ Qllcj C‘Sm(aonen{s : Hc‘gkacm%afq MO @1{’
2 Boidge lagoed:“\ L e
‘ ow—C IO
3. Sen Sc'éc'\/c’{(j L,

A & 2.&

Go "‘ef‘r‘..-"'«‘.; L ‘:":?:;‘9‘ .jv'giv':”
)bttdq@ e ﬁ{ ﬁl Q[)@ﬁmfi}@d ,«fg*{ Coaf {1 ety [ Syl sy

“ S{m% cordluctorce "Ef[ec S+ The Vatous Evet:;fga COMFOﬁ@f’}ZIEo &
O{Aeﬁ Pff(cg 0{ QPF@'M)«‘Q& ‘I‘W.‘Mi '@;’3 me\f‘n’; c“r{’ O L'n'gulgjl[hg S(O!‘@IS
o Ecu‘ﬂ Cutssert Q\[(QC(S' E5%08S Moy “oe salf doe {o Voxsation
the value of SHandlaxgdls , edhich oy ‘accus because o inckiced
edd‘j cassents énthe Stardaxd seséstons & induclggs, 0 |

ovdesto avodd Sach exsoss the pvesence “of /cwge cmolud(},cj
tasses neas the briclge netwogk s vl B

-7,

Psecautions To be Loken cohen using a[m'dge |
The leods shoulel be corefully loccl oot i scuch = evasy et |
roloops o8 long lengths enclbusing mgne(cc Pl aﬁe Pﬁoc&ec/ |
cxth torseqpuent 'S{iﬂa(j incluclonce eswss- |
with o (oasge Ly the Sel{ capacdtance “of the leadls « rone
Cmpolsfo«rﬂt than thezs induclarce, 0 they should be Spoced]
selatively fors opast: S
T vesy psecise (ncluctive (4 @Paa’{arres Measusements
(eo\cls ase encased N mefa( fubes ’tLo SALQH Hwem»/’mmA

mv&ual e {EC{ISO magne;lcc_ ochbn.
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