UNIT-S - BRIDGES & MEASUREMENT oF PHYSICAL PARAMETERS

BRIDGES Y
N ]‘teaf‘s‘ﬁme B'zrhlge =

The B‘«dige. cheeut condsy of a nh of Lo wosistince
osms -f?n*smiwg o closed chyouid with the DC gouxce of

Cwxpel aPPl‘J o fuwo oppos'mtz Juncd‘ions & o cupent

detectyy Cornected +o Jhe othex o jumml?'ms as

Showm, Bxia[ge cheeuifs oy exkns':udy used Fos ﬂe“s“ﬁ“j

co-mpme,mL values such ag RL,C. The accuxaf-i

veeasuserent of Eﬁcl&e et s vexy Hg-
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The souxce of emf & Swilch comnected 4o })oi\’d_s A&B
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Exiri?re, is  balance when Thexe fs no cused
fH\xougl‘L 'TH}& 3&\Vomme'fax ox when the Pd]tan*HoL\
dibfexence o Po'vrffé C&D s eg)ial. ‘
To obfaba fhe L\ao@e balance  eguation,
TR =Ry —O
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In o PKQGHC&‘ , wheatstone’s E‘ciclgﬁ oHead one of Fhe
weSistance Ig made adjus"&la[e o Pe\m',r{- ba[cmdﬂ(?' When
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"u’,nce, (}x: ‘%ﬁg
|

er:

ik 5 al 27



@)

®

Applicc&%ons of Wheatstome Bﬁige"-' ot
—> A Hhe,a‘f“&fnne 'Bxiiga ™ay Le useo[ to measuxe Fhe
DC wesisTance of Vaxious Qypes of wie eithey fox The
puxpose of %diffy cofvol of Fhe wive Mself ox of
Some a_ssemlaly M which It 13 wsed.

Exs The sesisfance  of vmofox L:ﬁnoz;ng-% ’fmmm?omexsj

Solencids & Xelay coils  can be Meatuxed.

—> T} s exflﬂnéivelg used Eé{ 'alele,ohone comPam‘es
& othexs Jo locase cable Faults,

Limidodlons of Whea Stones Ba’iige?

—hy ow sesigfamce wemukem&n‘/') the resis’fcmce oF
the leads & corilacts becomes Sic?nh%’can’f; &

fsocduces ax EN0X, This cam be ilhuranaded Ey
Kelvirs  doube gﬁo%ﬁ,

— foy }ngh vesishance mmgub’emen't the wesisTamce
pesented 53 the l)h’ugﬁ becomes 8o |axge that
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Exicfge S cavmot e used, e " OOG) i
> Aacthex J:’fﬁﬁ‘cuﬁy M Wheat Ghonel
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When dhe veddfunce s to be wneasuyed of the oxdex
of  Magaidude of bkio[ae cotaeT & lead wedisfance
o moc[i‘ir;ol fom of  theal sdonels Lyg'o[gg les, Kelviv
l)mlgl 5 @’f\})loyrecl-

This  Kelvka's &siclém s used o mMeaSuse values
of wesisfanee  Lelow 4.0

GoasldeX  Fhe cheeuit oliagmm as Shoun, whexe Rg
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o be connecled eithex o Poiﬂ'l' C oy Po‘l*ﬂ’r A Whex it ;-9
coreneched o POiﬂ"‘ A, dhe wessfance RH of The cmnecd‘?ﬂg I
lead s added do the  unkowm sesisfance Ry
xe.sulﬂ“mg in doo  high ndicadion  fox Ry When the
corechon is made o Poivﬂ'c | R}j s added v dhe
Ex‘uige asm Ry & che wsesul&hqg measweren of Ry will he
lowex dham dhe actual vaue  beause the achial value
of Rg is ng)'le,\f Than Fhe. ﬂamina, \/a)u.e l:g ’Hle

%esi sd'a«ace RH ;
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enmlﬂm}ec{ L}/ connecv'iag us, 3QIV6LYIOT‘Q€]1€X "fD an
rdexmed) oshe posh'v'o«n B.

The above PXl‘-naiPl& fowms dhe Jpase Fox dhe
conshoucdon of Kelviv’s double l)xiozc?e FnPUlCL'X’y N
08 Keluin’s 5850%6' It s a double bxide
‘rnco“KPom’cE'Eﬂ second sot of utio asms, 5

because M

Above Rouse
shows o Schewmadie «:Uagmm of  Kelvin' o{wuj beidge.
The Q“J gset of Qms a &b opomeds dhe

3al\fcmom6hf}f at Po'rn+ ¢, of dhe Qppmpm'qyln Pod‘m‘ﬂal
blw m & m comecton hes Ry,

The xodto of the wesistances  of s q &b ig
Saeme as dhe wodlo of wesistance R &Ry,

The Qalvanoymedex hqo“ccuHOrﬂ is 3exo, when dhe
Podﬁmﬂafs o k&c  axe egual,

Tﬁewﬁure) "H1€. F0<]‘en‘Haf Eﬂk :E,ch *'-—@
R
But  Egp=——XxE

RitRs

& E= I[R3+Rx+_@ﬁ)_k)3_}
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subsbhde the value of E eg €
Ry CEEND

Epy = X L[ Rt Ry + L0HNY
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b loxe] = _l?___ CAb)R
Stenblox y Eimc I [R3+ i G.{.T_,.R_j‘
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Subshiducte Eix % E_ Gric values  In e?/@

Rg . Ca+® CcL+19 Ry
— R
RitRg et =k atbt RH a+b a+g+eg

R+@+§ﬂ"’)—3— = +___(WR5L)][ )

octbt Ry o \ath+ Ry

R+Rl+ﬂ - R3+ LRH LU

G4bIR
Ret 1 Rg PRy = gy b ORAY | bRy
Ototty Ry (atbt Ry)  athet Ry
Ryt QRH“’RL _ Rng LR Ry i bRy
atb+Ry 2 R CMHR;D atbtRy
KR . bRy _ bRy aRy by

1= Ry Ra@“iﬁﬂy) octbtRy a+b+Ry
R, = R—IRS-'l‘~ bRiRy ak
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Which iadicades dhat dhe Yegistance - of: dhe
COnnecJ"mj lead Rg a8 qo effect on the
measuserent p¥ov; oleclJ that dhe xadio of Fhe weslshimees
of the dwo sehs of wadlo oxms e egual

The wovge of xeslefance Teasuxed Bag Kelvins
Exiclge is M bl l-p.000D) g CIOJ@) With an
a;:cu‘mcg of o005y 4o to0.9¢

Roblewm

—> TF inthe 'ﬁ'gwse the odlo of Ry do Ry IS /000..‘7_J
R, s B & RI:O-SRQ. What i3 the volue of Ry ¥

Ry Ry

Re o L

Rg looo 5
R=50 , R=0iSR, D Ry= 5z =lon
R’X — ._l.__ = - -.lo_. = 0ol N
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Moxwel 1 Bxi&ge =

Maswoell's B\%Jﬁe ls uged fo wedswse om  unknown
in&uc’tance, _'tﬂ’l'&‘rms O'F 'knoum chPae'l 4:025‘. ﬂie_ use. ovF
Sfl’omaaxcq oxm  offexs “The 'QOMM‘L'(Lge O’F CamPac'szeSS
& easy skialohﬂg. The capad'l;m( ls almost a lossless
CD'T'IPO'HQ.ﬂ'b

1 axm has o wesishance Ry Pawa]le’ with ¢ &
hence it is  easle¥ v wide dhe balunce equadion
usiag  he odmittance of owmd medead of Fhe
lmpe&cmce-

TRe 89;(\2)6’&‘ e%ﬂi“oﬂ QPDX (H‘le L_;‘Jige_ I)OJG_WIQE ;3

given. by 22, = 22,
Fis
- %_3— =1 %&%37] ""‘"_G)
whexe, 2, =R In Po:m“e,’ with ¢ g, Y':-_;L[L—
|
Y= —le—ﬂwc,

Hoe, Zy=Ry | ZoRy |, Z,=Ry M sedes with Ly=Rytjisly
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Fiom 90 we })GLVE,
Rutjisle = Ropy [ 14 ch]
)

Retjisly = RyRs —Rl;+ju96]
Retjusly, = j%%”wc, Ry Rg
|
e?).mﬁﬂg wea| & hnaginawa paxits, we gef
RqR
Ry = —%l—% & ly= CRRs —@

oo = Whe | wCRRT
e RRg

ey

R,
Moxtiwells Bxii(ge s limided o dhe  vneqsuvervientt of

low & valyes (1t 10). The  liwidudion of  Maxuaelfs
Exiolge is dhat Fhewe i an  hdexachori bl ~the
weSistunce & xeactonce  badances “becouse  of
using  dixed aapacte¥. This cam be avolded by
\fcm%‘ma the CQPQCH‘MIC&S l"YlSJ'ECLOZ of R&&Rg o
oblaln o mad"aﬂce balance, TFLEH ave used do
Measuxe  dhe ductances bl [-leoo H Widh

+ 2/ exxox,

— b.g'cl Rl
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MEASUREMENT oF PHYSICAL PARAMETERS

Tteoduchon

In his um'rl; desedbes the  hoshuments which-ase used
do measuve  odhex P)‘tys'l cal Parawems It ke Joxee,
pressure, VelocHgJ hmia!idy) melshive SPee‘J, me{m‘rg and
JJ'SPICLCE—TQ&Q’}E.

Flow Measuyements &

~F }ow me‘)E’tf Va

b(‘ = Spec'lvqc weigmf
V = ave/\(oﬁe steeasm Ve'oai%
8 = accelekafl"ion c[uﬁ fﬁ; 3_'(&\;‘;43

R Xiﬂcip!e? Movement of dhe $hdd shear Fhat Fhug
dﬁxoug\w the Px\'maxy element of dhe wode welx (S
ol\recﬂg o¥ 'miixwﬂy used fo  acducte a Secomzatfy a[eut'ce
2 dhe xude of How s idoxced Fom  knowm P],lbls;m]

loss axe fom empix{cal ¥elaton,
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Head ~medexs awe Fhose Fhat opem"fe Lg Hhe.

Yf)e.(1,<swn=1rfue~rf]L of dhe pressuse Jiqﬁllgm&'o_l 0¥ keaal QC¥0SS
o suifable  weshdcHon do Flow in dhe Pi,ﬁu‘ne.
Psinel P[e, of Head low yetex E

It is  owume that dhe Auid Is «Howr'rg rﬁnkough an
ialived Piyef'ma as shown in dhe above rﬁgm. The weladion
bla presswoe- Jiffexertia) (Head) & velocify e be dedved
fom  Bewnoullit eguation.

Fox uﬂa} iﬂvakESSiue Fhuids Fhie dnkes dhe Foum

P \/ # =
2t L+ 2+ 4 Y
| +,{\ + 2

whese, 2= elovfion of the cexttee line
p= Shfic pressuse oboohde

Fox Hhe upsrfmm b 1 Js used & b doun strean

Swftﬂ'x J iS LLQE,CL ISJE'"HIQ Pl'Pe. s hom;gm{/b.’ dhen
\{QQ—‘V} Fi~Fy

= —— = offoctive load
3?3 4

Snce A= a\{a—ﬁ AV:

a
Vi=\g [

0= Oxeq_ oﬁ 8'68’}51'6“0'\’1
Pr: A‘sﬂﬁ O‘P' pre

. h 29k
Va:[_iL Sy

o= 1_(%)%“

Af}_.

B e e = e i e C— _._[
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RS
%_L_ %L&OXIJ‘ICQJ value of Flow
= V‘g_a

= aM)L"

Whexe, B= vafo of o[iameqt\e‘( = -%L- 7
Todosms of wdgh’c, ty=q, = a Y C?Plf
In o“(cla‘c f}D 00‘@519,071 the EQ/uaS’TonS *ﬁax q[ & LJ{, "Fb’um
theodfica] o actual Plow ¥ote based up o7
ﬁxpemmen“’“al olo:fa

C:kAC'hLQ} ade of Flow Y
Theosifical wote of Flow W W
C
let K= W
Whexe, K= d| sdmo:fae coehficlent
Y= K, JQ—(?}T
0s Kl

DisPlacemen'f: Meteys &
1) Basic  Reguivemets !
-—bgi«mPthg of degi?,ﬂ ia m;mimd
— Acwxzmg with m stade & [imits
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— Avm'lal:”;-’}y M a wide V&‘a’l\efm.

B MIQM;‘}%{ m  diffeed mafedals % calibayadions
of dhe Weasuxameﬂ‘b

— Reasmauy low nggw(e [osg.

,,Q) Nutechy, (? Pistonn  Metexs !

T4 is also kvown as | Dise wedex. Fach cgcle_ of dhe
masmfng Pischm oY ob'gc o“sPlaceS avefxecf voluxme OF
ligwid. Heve, picdon is the moving  past: TRe liguid
exdexs d’hxou?h the falexd Po'zs’f)- & fills Fhe spaces
above & below dhe plston  which iy cIoseJtd{ . dhe

«ﬂaasuxing clwqmbe:x.
3)R0'fasf7'n3 Medexs | |
77{&\(1 axe cumn&lg Kviown as Cuxxert metexs ox |I
Velocwg metexs & d‘heg Opeb’cf!e o fuxbive Pm'ﬂclple. '}'
Fhat is I"H'l& Volume js meqsured l’},’ the  vaouern ext i
of a wheel a5 fuxbine J}ﬂ)e of imPe“eK which s
| actuated by ¢he Vefocng of dthe liguid Fowk

; a d
kafxough i
L,) Osail ladw'ng Pedon  Medexs .
Ta dhis -’ﬁJPe the frftaagukim(? chawbex 1s cg/iﬂol'xica, X
division  plade sepaxades the et poxt on 1 dde &
outle? post on Fhe ofhex sde i his the babmeed
P'Is-‘}rm ls also cgliﬂal‘o'ical hat has a Loxigan‘f'al web Ccmg

the Pos'}“ i Tthe cetley & s shiled 4o cleax Hhe
division Pladt.
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L gui d Leve| Measuxemenls '=

Wi P@‘\ j Rheostat
iHi
E° 1 .

f\f‘d:\é ol CO..) Uﬂw Po+2n+f0m69'?;¥
S5 =i Ligyid- level gage
ln'?/uief & ::—-;T_;;:‘_:fe—'tank

AL
0

= (v) Rﬂ'hllsy Po‘hmﬂ'one’u

T epee e e

- ———-z UCI}L}J—'M 3(1-\136

P s St .

The (JLLUJJ ,e,\fel weasurmen’h o0Xxe macle rfn ™Measust <H\e
W’J""g of ligid  held In o confainey of Vessel, This

offects  both, pressue ard wode of How - a  codlabnex

& theehye s ymeasusement  pnd /og Coritol  becomes ?,‘1""[9
Hflpov)md‘ M a \/‘o:deaa of Py Cesses.

Uq)ﬁc{—(e\fe] measu?r&qen‘]lS can be Bmacug classi«ffec{ as
D Divect Metheds

ii> Tadiect Methods.
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Divect Medhods

Hexe, we discuss  Ploat oPem‘}EJ Scheme  with

electrical ORJPLd-_ Ia rHﬁs:J +he Float (Lcj? as a Pximqha{
Temngolucex that  convexds (1 (ﬂu'ci«- leve|  vaxtation b a
Suitable c[lgPlacemen‘h

This diSPlacemeﬂ+ E censed Lg The SECOnClCLB’a(
‘JYMSOIMC&X Such as xeg s’fmce Q‘(\fpe o-? Pof}enﬁomeﬁ\’l'c

device , Induchive <fype of LVOT efe. The float
c['\sPlaaemen‘!L amlwmlﬁs the Qx¥m #(ﬂ' C¥0S8Ges (fhe,

Sliie)é ‘:"D‘ﬁq\fe ovgxd‘h& 'fesfsdv've el&menff' of a
heostad: thence, the  checult \esisfavice c,hcmges & g

oUXEcH(lf Pkf)])o\gq'iona' ‘fn <Hz€. “Q}iic[v-le,\fe) kl_”HT@ ’}'xmk .
Indivect Methed = *

In Tadiwect Li?/u}ol_ level meaquerment the hgdxos?"dv'c
Pyessuxe cxeated Lg a Hc))ﬁal 18 diveety welafed
Hodhe lguid  columma (F: %}D thexefove, o presuse
gouge 1S Pastalled ot the bothom o m the sids
of~a.  Fank cm‘f"alﬂ}ﬂoq the | l'?/uiol as Shown m dhe
below :ﬁ'gl.u;e The ¥ise % foll of he ’iq/uic( level

c0UseS g CokapoﬂJMg hesease 0¥ decwease  tn the
pxessuye wh?ch Is JlrmHy P)mpoxvlional o the
lignid —level H/h.

@ HHJxoSn‘aﬂrc pxessuxe.q'ype_ leve/ weasum'ng
device.
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Voxdoble B
Jevel o S| o> eessuse gauge

P‘Se SSux¥ I"\E& Cl

To mefasuxiﬂg d’ﬂj hsuloded metal
JJ Aix dielectric

—:_: T ?“_r " (b) Dielectic
ST b Thgudtene
1,

bq,uiol dielectsic JHse
Measweemed of Humiomg & Moisdwse = |

The amouﬂd‘ of wadex Vapou¥ COfEFe,nVL b dhe a:’mosp)'le"m
1S C,QHQCQ HJ\WI'CM} I+ is an lrmpo‘é'#umi' p¥oCess thich s
Vaxiable M a  moiof mdustial ps0 Ceds because of
}‘:uw'icm’a /'mo'lsdum Conc]mrd affecls dhe be}lavi or of Wo:rtg

ComweXCia] Wa&er';ols Suv}z aS papex, M[& ) Pa}fﬂj Swap
Powcle‘f ) *Fexdﬂ)'cge\f, leathex,  wood Pkociudjb, ele.

Hmiohdbe measwsetedt & cotvol axe Mecessaxy c[uxiﬂg
Many hdusdia pxocesses as  pell as }weash'ﬂg & als
Conél'ldfcﬂ'\rﬂg Sgs&ems.

Hum‘:alidy g 3ene:sullg exPxesgeo[ indexms of
aLgolwln humiolid\a o seladive hum}cMB.'
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The absdute hwﬁlamb( of a gos Is cfesﬁhecl as the
masg of wcmlpx VaPouX PXESe,n‘j‘ M the unrt Vo,uwe of
Jos & s ustmﬂy expuessed o 8xs/w?s_

Reladive - Hurididy (RH) compaves the hurrididy of alc
with dhe hW\'KMg of Sachecaded s adHhe Same.
"}empe,rcdu‘t’ﬂ 4 presswse & fhis i s defined as dhe
sadls of dhe vass of  pipdex Vapou pxesen+ inag':ven
volume of g fo the vnass of Liade Vapous

Mecessaxsy Yo sohoate the game velume of 909 a Fhe
same clemPe‘m‘JlUKE-

Measuxement of Velocidy -
— Txanglatioval VelocH'H Tramsolucey Mov;ng Coil pickup
, —0

AAARLLLLRLR R

t‘\\“\\\\\\\“

{‘m o

ey
N Fos v
cot

@Mow‘ng coil pickup
@ Ve[ociffy PickuP

a._pP ad ot output
E:;gf“““‘* hopil 2\

\S{é—?;:mox\enf Magn e't

uoks  19laz
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Mov'mg coll Pickup s based on dhe law of- }‘fLCZbLCﬂJ voHagp_]
e, = BV, %lo®
whe‘m, Vi= weldive veloddg ofcoil &mogne’i‘ 5 CGT'IS/SQ(D
R = Flux Jeﬂs'naa (webexfe)
L= Iemg’HL of the coil (amS'D
Hexe, V& L axe congdats & he owipuff Volhge
follans  The TﬂpuﬂL ve?ocivy “nea‘_s}H & xeverses Powak')dy
whea dhe WJocHH chcmggs 3‘|(c)m.

Stace dhe Flux c[rmsidz available fsom Pmcmmd‘
mag-ne+s s limided 4o dhe  ovdex of o000, an
Incsease seﬂs‘ldv‘vioLy cant be  achteved ol E‘é |
MCKEQS}“(? in dhe laﬂngl of adfi\ge  dhe coil To keep
the coll gmall, this equives e whee ¥ dhus Hgk
weSiadanee. Hig}. veSistance  coils sequbye },;gh wesistonce
\ml&oge veaswsieg deviee ot ¢, 4 prevent loaohﬂg.

As shoum M 4%3(]9) the vaonsducexs ses a
pexmanext magne”" coxe  movig fside a4 foxm
DJOU..VLCI with Jwo coils co«nnedaﬁ as shoun Units axe

ovailable t full x0x9e shokes Rom above ©5To
&0 Cm g( S’EJ\’lSiOLl'UHg \/a)ﬂlas Yﬁﬂ)’fﬂ 6.5 % 005 V/cms/se_c
and wflofﬂ—fiﬂe@’idy suppox’}s 14,

unit 5 ao/a7



@

Fosce Measuxement =

e hansducexs g5 devices used fox Foxee
Measuxamm"' Axp a_,So ca}lecf' aSs [00.(1 Ce,”Sa BO’H\ Sl"a’HC
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