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CHAPTER ONE 

INTRODUCTION 

What Is Measurement? 

Measurement . .  is . the , .  act of . quantitative . comparis,on between a 
. . . .  . . '  

met in the act of measurement:' 

. ~ 

(i) . The standard must. .be accurately known and. 
. . 

. - : . internation'ally , . . . ~. accepted, . . : . . 
. , .  . 

. . . . ~.. . . 
, , 

(ii ) The apparatus and p'r'ocedure . . . employed . for obtaining . . the 
., . 

comparison must be provable. . . 

" .. . . .  . ' . ., , I C .  . C . .  . . . 

In order to be ablekconsistent~~ . . . . . . . . . . . . . . . . . . . . . . . .  compare.quantitativdy, :.... . ......- ... . . . . .  ierti ir i 
. . . : . ,  j .  : I ~ , .  

.. . . 

standards. of length, mass; time, temperature aiidelectricai 
~ - , . . . , . . ... . . . . . . . . . .  . . r . . .  . . .  I .  i .::. L.. , ':I L ': :. . . . :r . . * .  . . .  ... . . .  . . . . . .  I i  , , - . . 

I .  

quantities must be known. These , . . standardsare . . . . . . . .  . .  internatio~ally . 
. . . . .  . . . . :  ~. . 

, .  . 

accepted . ~ ~ ~ -  and . . , well preserved under controlled . . . . .  environmental 
. . . .  . . . . . . .  . ' . ,  .. . A . . .  . . . . .  . ., ; . .  , , .. . . . .  . . . .  . . . .  .: . . .  .:.,~ . 

conditions at  the international ' ~ u r e a u  of ' wdghtk" . , atid 
. . 

.~ , . .  , . . . , -  . . . .  measurement inservice, France. ; . -  . . . : . . ! .  . 
.: . . 

. . .  . . ~ ~ 

. ~. . . . 
. . .  . . . .  I .  ... i . . .  ..: 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



- .. - , . :> . -:, 

8 celsiud 'clock has :@ken acc-bt&d ttjb standard, of time 
measurement 

8 Kelvin temperature scale + -e .. t .,%,, for <. ... temperature .+ .............. . . 

X Standard meter is defined h te rms  . . . .  of the. wavelength of the 
' 86 ' orange-red light of Kr lamp. (1,650,763..73 , , , .  ,, ,. wavel,e.ngth.of~r, . . , .  

?;.= 1 ,). , . . . . . .  ........ . . . ~ . i i . . r . r i . .  . . .  ...... - . .  .t.' , -. 
. f kilbgcTa.m iS,defih.e.d in termsbf platinu&ir@idm,&sS. .~ 

. +, . , . . . , ,.. 

FUNDAMENTAL . . METHODS OF MEASUREMENTS . ,  s 8 r 

(I): - , ,  . Direct . ,, rry. .~, b,,, . . cdmpariionwith ,, . , , . >  . . , .. the ~. primary or .,. . secondary ...  standard 
. , , . , ,  . . 

and.- 

CALIBRATION 
Calibration is the act of determining the uncertainty associated 
with measurement and, if possible, reducing that uncertainty. 
Calibratioriproc'ess consists.of 3 parts namely 

? . . . .  . ~? . . . .  

1 ; Verifying .: that the current ~.- ..... + measurement capability. : ~ , , of the 
,, .. .  ri7e~gs.ui;i;ti~~dg"ice. is.withi.fi specific~troni,i 

2. ~ d k i t i n $  the device . toreduce ",=.. . its .. , 
measurement , : . . .  uncertainty. . . . , 

3. Verifying the measurement capabiljty,:of?the, .....- . .a.,.I . . .  .+ --<,., ,,L~,.:i., device-to .!: jc .,,:. 3 ..... j ensure ...j,.....L....., . .  
that i t  is operating within specification or to check if the 
measurementuncertainty has been reduced. 

, , 

6 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



6enerlts of Calibration 
8 Reduced measurer~~ent'uricert~inty 5....I.;.. :i.- '.... ." 
8 ,  , . 

~nsuremeasurementct5rtaint~ 
8 

. .'. . 
Increase production yield' 

8 consistently meeting G l i t y  requirem~nts . 

The calibration of all instrumilhts isimportant, for it affordsethe 
opportunity to check the instru'ypnt against kn~w,n standcjrd .. ,_ . . .  and 
subsequently reduce the error@ the measurement. p Calibration *....,. ,: b !  . . 

procedure in'volves. the cornp.&ison of a.&ticular . II instrument ... ~. . . . .  . . . . .  
with either 
1. primary standard; 
2.  : . A secondary standard with, higher .. , accuracy: . . . . . . . . . . . . . . . . .  than ;. ' the,:. i 

* instrum-ent; ' 

3 :  L . ' ~ ~ ~ ~ ~ : ~ ~ ~ ~ t ~ ~ ~ ~ ~ ~ ~ .  
. ., . . .  

' , .* .> . I  ' ji ,.. L. .-.. C. :.. .1. i,:. .?> . . ,  ;<, >.,: .,... . ; , . ,c . , , , , .  ., . .. . ... - f , , . , .  ? ,.... . ,:,:. 
~ G l i b ~ ~ t i ~ ~  fibst ,;:be-m,jg. perloalc&lly ?sa;iav :malnta.ln . .* I . .  . . :  < .  measurement accuracy. The ;.abflt~.;)dff.':g.+::i':~ag'~i~&fit;td 

. . . . ,  +cumtely hea&,.e:$phy&ical qUahfity f,an$es7\hiith;a. 
. . .  ..... ! ,;,:.. of factors name$, ~ i ~ ~ ; , ~ i ~ : ; ~ ~ + & ~ ~ t ~ ~ ~ ~ ~ ~ t ~ i & i ,  ..hu , m@ib;, . .  I.. ... 

efjvi ro fi me.nta 1 exposu reeandj ;$al~;&ll;;lt bgsB,; ha :::'&f&i . . ,  . . .  

accutacy), ~afiti[,ij i~n.; ~ e p r ~ a ~ ~ ~ ~ ~ : a s ~ ~ e ~ ~ ; n ~ ~ u , ~ c e r t a ~ ~ ~ y  . . . . 'L* @& 
compar/ng the rneasurementwith.,a..k~ovpn . .  . .. ,, . .  -, , .................. sta6dard:. . ... ,. .. . 

Measurable physical quantities can b e  classified into two 
. . .  

categories namely ..:..I- 
(i ) Fundarnenia , , q . B r i  ti'ti&; 

., .. , ~ , , -5" . . .  . . . . . .  (ii .)' ....... Denved.quahtities .. 

Fundsmental qu.an$ities.,a~e. units thatcannot .. k det&ede+g,.. . . . . . . .  . , .  

~ .ass , ,~ i s tan~e , .  . . . . . . . . . .  . . . . . .  T.rqe, r .  . . .  . ~ : u r r 6 ~ t , , . ~ ~ ~ / n o u s  . . . . . . . . . .  . . :. intensity, ~ Amount : c .. ~!, ~, @ 
substance, . , . . ; L C . ;  ..,, : ,  .. . piane . . .  angle . . . . . . . . . .  and ..*:<. Solid . .*.?! . .  -. angle. ;. ....... Deii,6ed -:,;.. ... . . . .  a qi.ia:rititi&are. ..... .- .......... a...-.. 

. I . . . . . .  . . . > ~ .  obtai-ne.d f&,.j.. f u n d a ~ ~ ~ n t ~ l , . ~  qu'antitieg; ..E..g. .vel'6city, : ~ b ~ ~ ~ ,  
. . . .  . . . .  

Energy, Power: 
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Units can also have prefix such as 
Name SymboI ~ u ~ t i p ~ ~ k r  
P i i  P lo-'* 
Nano n 10' 
Micro IJ 1 o6 
Milli m 1 o4 
~ i l o  . K 1 o3 
M* M loe 
~ i g &  G 1 OD 
Tera T 1 012 

.... . . .  . . . . ,, . . . . . . .  Why Do,we M&.iun? 
. , ' ? ~ , , . , ,  . , ........... :;; . . i 

. . Meas"rbments are essential f6i evaluating . . . . . .  . . .  ,:.. the .., p~tforrnance ..  I> ; . .  of a ,. , 
syste'm .,: . . . . .  . . :  or + studying . .  - .,,, its responseto . , .  . . . . . .  a particular . . . . .  input function, or 

, , . . 

studying some . . . .  basiclaw;of.nature. . . . . .  
.. ., .. . ~ . . . , ... 

.. - 
. ' 

. ly. basic.function:.of all. engineering branches i s  design' of., 
systems , ~. wn.~istin~.+of..severa~~e.rnentswhict, . - . - are:expected to . . 

function 'in . a . pqrtic"la@fashion.:Themeasurement . . -. i s  required to ~ 

test .#=,functioning of compo"&n-&,.whid, dnstitute the system, 
. . ,  . 

and finally the ofthe s y ~ m i t s e l f ~ ~  

Inaccuracy , . : of . .  Meas.urementand :.,,..,.. lb~nalysis: ..... :.?- . . . ,  .,,i..: . .  . Errors . . . .  . 
.i - . -. .!: ::-.: , . . . . . . . . . . . . . . . .  a:.:.. 

The ..-. -ob$@ve . " . >  
of each ' . measurement . : is .to. descibe- some 

. . . . . . . . " . . . . . . .  .. (.i . 3 '> 

: . . physicaI“property . .?-. : . . . . .  ~. . of an object ' quantitatively: ~engfh, 
.~. . , .  ~~ . .  ~ 

., ~. fmp&ai&i p(-sgu-ure, .for& et= Every me&udmentbf such a 
. . .  ,.. :. ..?. <.,; . ' * . . . . . . . . .  . . . . . . . .  ... ?.$ ,:, .. ,. .?#f7?;-:""7,>. . ?::! .*r.,>yq: i .;;,: ........... . ,  . "  - .  ~' 

qua:nbty:~: fibs. .a,* ceh,n: a ~ ~ u n ~  of , "ncecertainty. - Th'is kai5 b= 
i ,, .* 

. ; 3 .  . .  .. . . -. - . ..:a3.- $-at,- iP. CZI l r .  ! ; ~ ; : 1 7 q i  ,; , , ; ,- .. .!:,,.: : . ,  ........ ... . . . . .  . . .+l ! ..: :..ji..,&!; J 23"' , ,, .,.), . $ ,  , -  - 

expla~.ned:by i I cons~denng . .  ......,. . a ! common . I ;J. . !  . I : _  ..P 
experiment . . .  of ~ , .  m'easufing~ d 

.... . .  . . . .  . . . . . .  > 

' the diameter of a disor a rod ushyl: . . .  
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. . 

. , .k 3 Ins.trruments: ..squ.are ..... r.i , . qa!i.pe,q,Jmicnom.eter . . . .  .screw . .' t2',> ,. , 

a b bemesfrosco,pa . , 

8 3 similar instruments) . , 

8 Only . .  . a . singleinstrument ;,is used to: measure the 
diameter of the disc three times.'. 
From these three groups of measurements -one may likely get 
different ~values,of the diamtter. Thus one, finds that even i 

..,:I .'. '. 
repeated measurements .on the same instrument ':may give 
different values -of the physikal quantity* Therefore: . - .  i t  c,an . . . . .  be 
conclu:ded that all measuredL values:are inkcurate . to, . some .. , 

degree due to , . the'fa,cf . . .  that. . . ttiet-eare;variations . . . .  i<the values . . 
. . 

obtained , from . the same measurement,(Error):% 
. . ; .  . . * .  . . . .  I. _. .** I .  -.. 

It , is ~. in:factimpossible .... >-: .. z to . f indlh~true.val~e~:al~hou.~h . , ...... -. . . .  - ..... .." :-: ;. . ..., . - it is:safeto . , r .  ; ., . .- ............ ..... ?:,,,;:;; ?, : ,' .- 

assuine,~that.the . . .  .'.:.. . . . . . . . . . . . . . . . . . . . . .  trukvalue .,. :  .ex isfs. ' .~h&~&i~is,  I : . .  .. . therefore, 3 ,.- to find 
: .-" : ......: . . . . . . . . .  . . .  . . . . . . . . . .  

the mod, value of ,themi$surement~~and~~assiglr ,..  . ... .. .. ,... the 

uncertainty . . . .  " .  . t o  . . . . . . . . . .  it.  he: task . . . l  . .  ...+ is. .... to determine ; . . Fq ,~.%$ ... ; *,: ~ how .. . uncertaifi'a . . . . .  . . . . .  . , , ..% ,: , , , : ',~, . . .. ,(*.,. .......... ::,,! .,:.... 

ftie'is~r6meti.t .. ;.:.i.-r..i ;4 ..... ;. . . . . . . . .  haybd'atjd . 1 . .  ..'; &vice - .!,:.;?......I . .  a.cop31~tept ..... -- way . . . .  .< r of . .  specifying'' .... 
- ,  : :  ,.. ~ 

. ~ ~ ~ f i c e r t a i ~ t y l i "  a"a[ytidal form (Erioranal.y$sr;, ,.+....., ~ * . .  . . . . . . . . .  
. ,  . . . . . 

.. . . .  P/P'ES b$-E RRORb.' 
. . . .  . . -  .. - - . : : - . . . . . .  ....... ......... 

e:; Errors. can:-b& gfiiip&, i&;ho b;io~d,,gro~ps,, ,nam&ly, ; 
. . . . . - a  - . d  . : . .  . . , ..... ..:......... . . . . . . . . . . . . . . .  .~ ,. . - .~. . ,.?, ..,. . . . .  > . . . .  . ~. - .  . . . . 

. . .  -d&t&rminat;ea"d:indef&rmi'fiate erro-is, 2 :  :,. 1 : - :, -.; : - . . .  : . . . . . .  
. . . . . .  . . 

. . . .  . DETERMINATE:, . . , ;.:.-. . ... , ;'. .;:, :,, ,. ~ h = s e  .. .,. , j ,. - . ::are, .:;A ertor?' .. . . . .  that .~ .. ariseifrom , y .. ~ . . actual 
., ......... ,.L' . , . . . .  :' , 7,. ,, <.:,zt,, ..: ,:. .**..:- ,., .% ,:!. J :. : 1, , ,  either onthe @'fl;of/t h-*$haly& _(ob,s-&$r) bfffom. 

. .  . . . .  . h ? . .  " . . . . . . . .  ../ I . I . .  . . .: 1 ,  ,. . . ,  , c  .."... i..,,." . . . . . . . .  ,.-:,~ .,... .;:; ! <&tit! : :',: ;.:. ,.k, 8 ;  

faulty~'instcument. % .  .. They a~eno(.s~$ce~~ibleiomathe,matical.~ ~, 

. .......... j .  ,. ,* ,, p . : . . . ? ;  ,. , . 
tfehtme"t. . ,:) .They . . . . .  are. .. .. L . ,fhrthei . : . C!'gsified . .  , 

:f ;,, <,C$. ' : " . , . '  . . . . .  ' , . ,  . . 

, .  . .&stematic.brrors. ; . ...., ,.-I:'. , . .;. .&. . . :  . .  
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. - 
CONSTANT ' ERRORS: These errors are the same in 
magnitude for all measurement. 

SYSTEMATIC ERRORS: These ' errors vary from one 
measurement to another. They are due to biases in the 
measuring procedure and variability intrinsic in, the 
phenomena being measured. 

Some ex'amples of determinate.errors are.$ven below: 

'INSTRUMENTAL ERR0RS:;Thes'e. include.those due to 
.a,p,pa;~a~.~s~, :,instruments and:. _reagents, ' for . example 
insufficient sensitivity s f - : 2 ,  ..:!,* of . balane . + . . I . :use' .:. ,. of , non-calibrated ~eigf.jt knd pfesence:oii.&p:urities i,i iea'a-ent&' . . . . 

OPEfZATIVE: :- ERROR : This;. :is. .:.due. to~::..inexpedence . . . _ . I .  in 
.,carelesSn,esi , .: .: : of ttie~,.a~aljsts ..-.- . for , exa,mple . . . . -, .. leavi.ngfunnel .,-. . . on 
top of burege duii:ngtitrationi.Failure t o  apply temperature 
, .- . . . , . . _  . .~ . ' .  . . : ~ ~ y r ~ d f i ~ " s  inv.blinietic:ai-aljl~ig2L:, . . . .  - .  

, 

PERSONAL ERROR:. Due ) ,  to:.ina~lity, to. make~obse.N'aflons , . .i:i, 

I a~ccir~t,ely,i,.:f~r:: a exdmplb !iriabilify,,,,:fd jGd,ie doloicr' .cliahge 
. . , , >  . . ,  

correctly~duririgtit~ation. , , .  . , , , .  .. . . ~. . 

' METHODICAL ERRORS: These ~ri'ginate~from chemical in 
~hysicochemic,al properties'. of the :ah8lyti'cal''system. 

. .Changing:, ,-:.;,':!'.: 

~ , > : > . i  , , : ~  . :~ethbdg .,;:,arid . . . . . c o '  . , . d ,  the , , .  . 
measurement is'carriedout can eliminate'them: 

- .  

, ' IN~ETE'RM~~~ATE,  ERRORS- These ~ ~ & ' ' ' c a i s & d  ,; by ", .. ? - . . . . . -. I .. . . . . . .. . ,.., - . . :,\,~ii&~ilit)~fh'~~i6nt ti th&'p'r6c~8s.,of mLa king 'f,,jBa$uiements. , 

.. , - . . . . ,.,;, ..;..2'z.., ,,;t .t-$...;.- .... f ;TRey:;are: numefGus:;;:small-**and likelv:to.,:cdm,b.ihe.-.i,n ,linear 
h~hiofi-and.:~:are?. subje.ct to  the law-,of pfobabilityanalysis. .. .. ..-.., , . . , r i r  ... I.. r .  .& .... i, ..,,.,.,. . . ,  ,. . . .....,, 

Indeterminate. errors originate in the. !imite,dt,ability>f the 
analyst to control ormakecorrections for external conditions 
such as weather, 6r.his'inability to recognize'ttie appearance 
of factors that will result in errors. 
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MEASUREMENT OF CIRCUIT PARAMETERS 

Introduction 

The basic electrical circuit parameters are resistance, 
. . .  . .  - .  . ~. . . .  . . . .  . . . - . .  

inductance,'.~id , . capacitance (impedance in general). Dife'ct- 
. . .  . . . , 

, a  
' 1 , . 

current ~h'eatston.e bridge:shown'infigu're 1, can be used . , to 
. -. . - . . . . . .  - . . . . . . . . . . . . .  . :  - . . . . .  . .  

measure ~esistance. Other bridge. circuits (modification of 

, . .  

Maxwel-Wien Bridge, . . Anderson  ridge, ~ a ~ ' s T '  . . . . . .  Bridge, . . . De . .. , 

, , . . 

Sauty . . ~ r i d ~ e  . and . .  Sche$ng .A y -. ' ~ r idge . . . . . . .  . . . .  :can be used to measure 
. . . . .  ..' _ . .  - .  . : ,  . . . . . . , 

other circuit . . parameters. . 

DIRECT-CURRENT WHEATSTONE BRIDGF 
a 

-. 

~irb$-current , . Wheatstone . . .  b;idgezis . r a >circuit- that;:consists ,< of 
. . .  . . .  , . '  . . . .  ,.. .. . . . . . . .  <- , :.. 

four, resistances connected, togbttief+andt& .-.. . .  4 cornman input 
. . .  . . .  ... . . .  . , ., 

, . 
- -  = .  . . . .  .* . . . . . .  . . . .  . . 

..:. . . .  . . .  . , .  

and output.<With , , .  this.arrangement-itis easyto meaiure ?.. . , ?  an 
. . . .  . 7-:, 4 

. . 

-: unknown resistance-;in the bridge . . . .  :circUit;.in , .  . , . . . . . .  .) . ferms..~f, , . . .  . other : .  

resistances. . . . . .  Figure 2;1 shows a direct-current wheatitone 
.-  : , , . . . . . . ,  . . 

bridge. 
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. . .  ~ ~ . . .  . . 

I . . . . .  ...... ... ... ... ...... ' : . . .  . . . .  ... . ~h&-&,:2i.t: . ,  , The , .. A , D c l3ridg6 . . !  (~hgafstone , . ; .  . bridge) , .  . 
.!. . .' 
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.lf .... :., , I  , . 'weequate::m;agnitude . . . .  .. . . .  . , . . . . . . . . . . . . .  and phase angles of the impedances, 

the condition , . of balance is that 
z1Z, = z2Z3 . or z I /z:= z2/z; . . 

  where^, ,= 'R Z = R z ' = = '  Z .  = R 
1J  2' 21 4 . 31 .. 4 4 . . . .  . . . . , . . 

and V, = d ~ ~ s " p p f y , ~ ~  = impedance components of the 
, * p ~ ' ~ ~ j i .  . supp~ym' . . .. 

.,: . 

discussed. 
To measure capacitance, Schering Bridge'will be discussed. 

MAXWELL'S INDUCTANCE BRIDGE 
. ., . . . . .  

..t ,. '. 

This . . .-<) r bridge - .: . . 3 - ~ircuit.:is.u$ed:~f&r . . . .  h i ~ d i ~ m  . .  ....:~ . . in.d:~ctance~and~:c~n . ; ,.. - ~ ~ ,  . . . .  : be. 
. . ... . . . "  ..." ., ., , ~ & ~ )  ,?, 1:': ; . . : . . . . .  , -.c ..,'?$>, ..: >..; :,: : : ., 

" ...f.T/ie;:bridg@ -arranged. -. to:yiel.d.ire.&lts . ... af . . . . . . . . . . . .  . ,, corisidirable . . .  . . .  precision;.- . . . . . . .  . . :,.,, , ... 
' ; j ' . . . ~  :; Z#.f., j .,?,' <;,., 

, . . . , . ,  . . .  . . . .  .! . . .  :~~ . . . .  " . . . 

. circui~isshown . . . . .  in figure .* .. . . . ~. .:.. 2.2.. . : r 

: . 13- . 
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2,. . , ... :.: .><,, ::<: , 
~ ~ ~ , ~ o i i . o f : ~ ~ , ~ ~ ~ ~ ~ . ~ i m ~ e ~ a ~ c e ~ ~ i ~ ~ ~ a c e ~  ~. . > . :. I..::. ,,< iii ~nearm~,tken' its 
positive phase, angle, , .e . .  .can be co-mpensatk'd f&"in eithCrof:the 

, . 

, : fol l ,~wj~g:~o.yays: 

'-----A&.,pm.. (i) K n o w n ~ r n ~ ~ ~ ~ ~ . , w i t h  equal . podtbie phase angle may be 
used in the adjacent arm;-(i;& (J!,::=S+(J!&= OF q;=<$i)r.This:type ,of 
.network-isy.kn.o~nn,:as Maxwe,lllsbMge, 

(ii) lmp&ance, with ..an equal negative , . phase angle. (i.e. 
capacitance) may be used' in opposite F r,r arm (dthet @, q k  

. . "  , 

-9); such a network is known as Maxwbll-Wien orMaxwell's 
LIC Bidge. 
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From figure 2.2, the bridge is balanced by varying L, and one ofd 
the resistances R2 or R, or alternatively, R2 and R, arePkept 
constant by'connecting an additional resistance in that arm can 
vary the resistance of one of the other two arms. This is shown irP 
figure 2.3. 

B 

The balance condition is 

. . 

1.4" . Therefoie, (R, + jwL,)R,=(~,+ jw~~) 'd2.  . , : :. ' . .  , #  

Equating the real and imaginary parts on both sides, we get. 
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and by induction, L, = C4 R, IR, 1.7 

Hence, the unk~ownsel'f-inductance . (... . L, chn be measured in 
. .  . , . . . . . <:.- . .,<,, ' . 

terms of thelknown inductance L4 and the .. . two,resistors in the 

adjacent arms. . . 

. . ~~~~~b 24.. 
~~ . . .. 

. . The. arms . -.- 
o f a ~ a x w e l l , . ~ ~ d ~ e  . . are . - -  arranged . ... as foll,ows: . . AB and 

. .  . 

BC are non-reactive fesisto&of Li '1 00 R and 200 R respectively, 

DA 'a- standard variable reador L, of resistance32.7R and CD 
. . 

, . . .. 
, . . .'. 

c o m ~ ~ i s ~ s ,  t of a standard variable resistor R in series with a coil of 

unknbwhimpedance.- 8alance was obtained with L, = -47.8mH 
. .  . . . .  . , 

and y= 2.45i2 . . . ~ i n d  the resistance and inductanceof the coil. 
I *  : , I .  ~ 

- . 

Solution 

The circuit diagram for the example 2.1 is given in figure 2.4. 
. . -., .., - ..~... . - . . . . 
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. , 
. ... 

Since the p r o d ~ c ~ ~ , o f ~ h e ~ e a ~ ~ & c e ~ , ~ f ' ~ ~ o s i t , ~ ~ a r m s  are 

equal,. .hen . , 

:(Rq+Rj =. R.3 @I:) 

1 OQ(:?;3,6!+,R4f = 200(32:.;~) 
R4. =65.4 ,.2;45 
R4 =62.9.5 . 52 . 

Then from equation 1.6 
,L;. = i, . JR,' /R' 

1 .  4 ' 2 '  3 

L, R, = L i  R2 

, Li=L1 RJRs ,. 
~,=47.8*200/100 
L4 = 95:6m~ 

C 

. 

. . 

. 

. . . i  
. . 

. ' .: . . 

-: ' , . i , . .  

Fiiure 2 4 :  . The . c i r c Q a m  for Exsrn~le 2.1 ; 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



UNIV
ERSITY

 O
F I

BADAN LI
BRARY



... 

separating .. the . . . . .  realandimaginary parts, wehav.e , . 
. . i.- - .**.: 

- .  aG :,#j 

.' B 2  R4 
' ,  . ' .R3=. 

Ri . , 

. . .,.: . . .  ~- ~~ . ~ . 

Example 2.2: . , . .  The. . . .  arms of a n  a c  Maxwell-Wien bridge, are 
. . .  <.. . .: . . . . . . 

arranged . . as . follows: . . . . . . . . . .  . , ,  .A6 . is I..i. a. non-active . .  resistahceof I .  ,090.0, ill. : 
. . . .  C 1 . i  . .  

. . . . C 

parallel . . . .  .with ,. . a capacitor ofcapacitance . .  _ , . o ~ ~ F , .  6.C is anon-. ', 

. . 

(unknown) and' DA i s  a :non-inductive,resi~taniiice'~;of:~ ,-+ ,:, >?A ....... .....-. .... .-.-, .......... 4000. If 
.. . .  . . . . .  . . ~  . . , 3 . . . . ~. . 

balance is obtained under these conditions, find tiie'va~ue of the 
, .. 

resistance and the inductance . . .... ofthe . . . . .  branch . . CD;: -. 

Solution 
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Schering Bridge , 

Schering   ridge can be used for. the measurement of 

capacitance, + - . .  the. . circuit. artpngement: is shown . in figure. 
I; I. 

. . / .._ ' " . ._. . . . . i  , 
. .. .. : 

. . (  . . Y  . '. 
2.7. ... B 

Eigure 2; 7: ~i'agram of Scherhg Bridge 

where,,-61, C4 - loss-free standard .. capacitor 

C,,- unknown capaeitdr. 
.* 

R - Resistance in'serjes with C, 

R,, Rppure resistahce.' ,. . . 

~ r ~ r n .  the diagram iri figu@-2.7cthe:impedance - ofthe i rms are 
-S . R  -, j. , .  . , ' 

given. as: '-&= - - z2-= -?:-Z.j:=.R3; , .. -&+'. 
wZl2 

1 . 12, , . . .  . .  , , , . . . '1 R:* . > .zv= -, -. - . .  

( I /  R 4 )  s > ~ c ~  ' 1 + ~ W C , ' R ~  

Condition for balance: Z,Z, = Z2Z4 
' . , 21. . . . . 
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Separating the real and imaginaries we have 
C, = C, (R,lR3) and R:5R3 (CJC,) x .  

~xample 2.3:'~estin~ of a Bakelite sample by Schering Bridge, 
having a standard capacitor of 106pF balance was obtained with 
a capacitance ~f 0.35iF in paraTlel with a non-ihductive 
resistance of 318U, the non-inductive resistance in the 
remaining arm i :- of the bridge being 1300. Determine the 
capacitance:and the equivalent series resistance of the 
specimen. 

Solution. 
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ELECTRICAL INSTRUMENTS AND MEASUREMENT 
Electrical instruments are devices that are used to measure 
electrical quantities such as current, voltage teslstance, 
impedance, power, frequency,,,etc:,Electrical instr,u~ents may 
be classified into 

(i)Absolute instruments 
(ii) Secondary instruments 

Absolute instruments are those, which give the value of the 
constants of the instrument and their deflection only. For 
example, a Tangent galvanometer, which gives the value of 
current, in terms of the tangent of defiection produced by the 
current, the radius and number of turns of the coil. 

. . 

Secondiiryihstruments ki':u. are those, whidh . . thevalue &. of electrical . , .  
. , 

quantity to be measuredcan be determinedfrom the deflection 
ofthe instruments accurately,only . . when they have beknpre- ... . 

calibratbdby . . comparison with &~bbsoluteinstrumed. . . , .  

Electrical instruments may also be classified as (i) indicating 
instrument, (ii) recording instrument, and (iii) controlling 
instrument. 

indicating instruments: are those, which indicate the 
instantaneous Value of the electrical quantity being 
measured. (~mmeters, Voltmeters, watt meters) 

24 
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8 Recording instruments: are those which instead of 
indicating by means of a poider and a scale the 
instantaneous value of electrical quantity: giy8s.a-record of 
the variation of such a quantity over a selected peiiod of 
time. The moving system of the instrument carries anlnked 
pen that rests on a chart so that the deflection of the pen is 
printed on the charts. Tb.e part traced out by the,.pen 
presents a continuous reco.cd of the variations i i  fhe 
defection of the instryment !and h8n.c-e a recording of the 
measuremen&, E~ample's'~ iriclua'e X-Y piotte?; recording 
VOM, strip-chaerecorder kttc: 

&-.lntegiating ! . .  instruments . . . . . :  . .  areithose, which measure and 
. I " 

register by a set of dials and~ointerseither the total quantity ., 
(in amp-hour) o.r the. total amount of :electrical energy (in, 
watt-hour) KWH supplied to. aciccuit.in a given time,. The 
summatio'n gives the oftime and electrical quantity, 
but does . . not give the direct indication..as to the rate at which . 

.th& pyantiv of-energy i8 bein:Q, supplied,: Examples Bre 
Ampere-hour .. . and  att ti hour meters;. 

ESSENTIALS. .OEINQ.ICAT.I.NG INSTRUMENTS 
Indicating. in,strurnents. a~:thos.q.; whichhdicate th,e:value;of.the 2 

quantity that is  being measured at the time. :at;;wbi.ch it is 
measured. Instruments of this type consist of a pointer, which 

6\ier a. &fibfated scale :that is a~ach&:r@.a moving 
..",.1 &-: ,q system.. .Phi$ is' shown :ih2 f i g u ~  3:$. The movjiig:! system :;is 

. . 3 . ?." 

.~u6jected t'q:three types of 'torque, namely: % . , .  

(a)Defl&kting i6fq-ue. 
(b)' . . , C.onfrolling or R,estoiing Mfque 

25 ., 
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(c) . ., .>;;,Damping. . . ,  .: , torque.. ... ? , .  .,. 

. . . . 

a .  ~ef lect in~.  t ~ r ~ u e : ' . ( ~ i ) : ' . ~ h i s  ... ,. . . ' i i  the fdida that deflects the 
poi;nter~fr.om - . L - ' e - . R , ~ o k  its rest :.E [zero !.G~,>i: position) ~ . ~ ~ p , L T : : q  .> ,:?; t~at,is, ;..7 <.,. ,;?a when ? . . A ~  'not LC,- -; being . *. . 

. : ' .  'c." :q Til. . ~ j s ~ f  for. meas,u re-,+@: .: :usl ng '. maad eelkctrost~tic, 
I . < . . . . , . . . :.;.:.,...:;;s:.&L,-.. '.' .. .... " . ,....!. . :. . - .~ ,.. ' ' -,.: 2 . .,{ ,2-; , ,  - .,... . t~efmal. i ;~uct lve:~ j electf~dy~~mlcs-effe~ts;!cm p i& jc&th& . ; D;enecti,yg tarq:he.3 

- . .  

1- . .. B:.,;Contr.olling,: :T:qrq,ue:;(T;):. .~~Th:!.::deflscti~.n:::.of . . -.the moving 
.ysystemwo.uld _.. ._., . ._ _ . I $ .  be-indefinite . _ , ,  , ,  ._ . . . , , .  i f  there , . .  I . were: .. ,..., .- no.; ..,.,.. . controlling a *  .,& or 

restbrin'g . .  . torque. :.% This . . . .  !.::,.. torque . . , .... - pppose3,th.e.. , . . . . deflecting . . ,torque ., .. 

and7increases with the defl,ecting torque. The pointer is 
brought to restat a position where thetwo opposing.to~ngues 

. ... . .. . -. .-z , . I.' " : I .  : - . :  , - ,  . .% , . . . - 
. , a  . . are equal: without such torquethe pointer'. 
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" .  r: ' 
wouldswing to the maximum fiflection and will not returnlback' 

"1 
toithe zero point after th%e. measurement. The controlling torque 

, Y 

q.an be obtained either by a spring or b;y gravity control. . . 

Sp:ring control:; 

For spring control: e.g. moving coil, petmanent magnet type 
. . 

Indicating ifistrum&"*n'i 

. T ~  ail (i ) " 

T i a 8  . . , v (ii) 
:T. -=.T... 
i I.~:!..!.', d: (i i,i) , ,a . t!.e,q!u . .- ili ... bri ,.., u --' 

~herefore,Ba I .. . 
; . . , 

where0 and I representthe displacement of the.pointer f r~mrest  

and the . . curreniflowing in the instrument respectively. 

Since the defle~ction .%.. L @is directly proportional to curred I, the 

spring control instruments .. . have a uniform ,.. scale (equally spaced 

scales) over the whole of their range . . as shownin fidllre3.2. , . ' , 

I '  . , ,  - . . 

To ensure . . . .  .. that the . . , . .  controlling . . .  . torque isptpportion'al . .-  . .. to the I_ ._ angle., 
. . . . 

of deflection, the . . 

. .- . , .  

Spring ~. ~us t t i ave 'a  . , .  . .~ fairly large number of turns so that angular 
. . . ..* . 

deformation per ,> unit length on611.-sca1e deflection will, , . besmall: 
. . ... UNIV
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Volts 

< .  

Figure 3.2: Scale of spiing ~ori~d31ed ~/ri~icatingirisiFurnent 

Gravity control: 

Gravity control is achieved by attaching a small adjustable 

weight to some part of the moving system such that the two exert 

torques in opposite directions. This is shown in figure 3.3. 

From the diagram: 

T, a Sin 8 0) 

Tda I (i i) 

at equilibrium Td = T, 

Therefore I a Sin 8 UNIV
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Figure 3.3: Baslc Diagram of indlcatlng Instrument (gravity controlled). . . . 

' 'V, . "' * 
' % l.lt I give* I - cramped I .,. . (uneven) scale .as shown in figurei3.4 . . - 
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2. The instrument has to be kept vertical when in use. 

Advantages 

1. It is cheap 

2. It is unaffected by temperature 

3.  .. * -  l'tjs not . .  subject .. . to fatigue or deterioration with time 

. . ~ k ~ m ~ l ~ ~ , 3 . . l , : : ~ h . e ~ t o r ~ u e  . *,I .?. of . an ammeter variesas the square of 

" the currdnt . .  through . . it. If a current of 1 OA produces a deflection of 
$: 

90°, what deflection will~~'occur foi azcurrent .> . , .  of , . .  3 . ~  when the 
., . . - .  

instrumept is (I ) coontro~e.d:(iijgravit~ontrol?~ . . t: 

.Solution.. 

' ~or'spririg c&ntrol.. 
, . 

To a@' ' 

-. 
. . 

@a I' 

90°a 1 02 

and: 
da-p , , 

Foegravity control' 
. . . . Tc  si.s in..e'!. 

Sin @a 1' 

Sin 0a''*3~ 

sin &3?io2 
0 . -1 sin 32h02 

. . : 9= 5.13" 
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Damping Torque: A damping force is one which acts.gh 
the moving sy'stern of the instrument only when it is moving 

,, :< 

and always opposes ifs motion. Damping ~brque is know 
as stabilizing force that is necessary to bring the poiniekj6 . .. 

rest ., . quickly; btherwise (due to inertial of the mbving 
system) the pointer-will oscillate about its final deflection .' 

position.for some time b-efore coming to rest in a steady . 

position. Air friction, eddy currents and fluid friction can 
produce damping force. These are shown in fig'ures 3.5- 
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Figure 3.7: Damping . . By Eddy Currents 

Moving Iron Instruments (Ammeters or . . , - - . Voltmeters) - , . + . 

There;&;tw~~ba~i~ type .of moving iron ianstrumen@. 
( i )  The-attraction type &*,-. : 

(i i)  The repuls.ion type 
>i, 

The operation - of the attraction type depends on the.:atfracti.bh . . of - .  
a single piece of soft iron into a magnetic field and that of 
repulsion; type depends on the . , repulsion of two adjacent & e m s  
of iron magnetized , .  by . the . same magnetic field.. 

The necb$s;iry magnetic field is produceti by the ampere-turns 

of acurrent carrjri.Rgmcoil in Bofh type of instrument. . . - .  - ' 
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Attraction Type M. I. Instruments 

Section of 
H ~ o i l  

Force of -Attraction 
. .  . , . .  . ' . ' .  

Spindle 

Sbft Iron 
ds,k 

Figure 3.8: Attraction Type+Moving Iron Instrument . , . , 
I .  

It is-a known fact, that if a, 1 1  piece.,off .an unmagnified,-soFirori * .  is 
brqug.ht up near eitherof the , . twq.ender.of a current . i ._ carrying-coil .. ..- .. .' , 

it would be attracted. into the coil in the. same way as it would be 

attracted by.the pole-of a bar magnet. "Hence," it a.n oval shaped 

soft-iron disc is pivoted on a spindle between bearings nearthe. 

coil as shown in the diagram Of figure 3-.8; the irondisc will swing 

into the coil when there is current passing through thecoil. ,. - 

If a pointer is fixed to the spindle-carrying disc, then the passage 
of curr=nt. through the coil Will- .cdb~Kft%i\poinfei fb' deflect. 

. ., Y .' 

Moving-iron instruments ca,n be used to measure d c  an&ac 

of the direction of the'ciirrent flowing through the cql; 
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Repulsidoq Type Moving Iron lnstrument 

Coil 

, ,,;.?. , " ,,,.* ,.,,~ . , ,  .,. . , ,  

-Mr ,. Chagperfor . . . . . . .  damping 

. , . . .. : 

Figure 3.9: Repulsion Type:Moving. . /roh@$trd&if .- ... 

: r ' ~ r  .I.. . 
Working principl6 bf Repulsion M. I; lnstrument 

currenfto &measured is . . pisseditirough ... .. the fixed coil; it setsup 
.! * .. .- 

i ts own magnet{~.: field . .. which2magne~zes ... . . . - each of the rods 
.. ,.. 

similarly, atid . ,  causes . . . .  - . the bars tb repel .. .. &ch ., :%: other with the. result 

thgt ..,. &.. ithe .... minter i s  d,e.86ctcid aggin$th6 , >;. t . , .  ,:control.l.i~g;to~que . of 
I 1̂ 

square of the,c~r~~nt.passing~th~~.4!.9~1tbe~~coi!1.~:,, .: t 

i.e. eaI2 , , 
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The scales of such instruments are uneven if rods /bars 
' +  . 

are used and uniform if suitably shaped pieces,,of iron 
sheets are used. 
Damping of the instrument is either gravity-controlled or. 

' - spring control. . - 

Damping is by pneumatic, eddy current damping cannot 
be employed because the presence of a petmanent .. 
magnet required for such a purpose would affect the' 
deflection and hence the readings of the instruments. 
Since the polarity of both rods reverses simultaneously, 
the instrument can be usedn for ac and dc circuit 
measuremen.@ i.e. un-polarized class of instrument. 

- " T  - -  . .: .~he&&fu$&&' af=li&le to errors due to , ( i )  I .  hysteretic 
(ii) .stray hagnetic field (iii) changes in resistance- of-the 
coil due to temperature . changes. . 

Adrantages _ . .. _. . . ; - 

They ,. . .  are, I cheapand robust.' c he^ give reliable service and.carF 
.' . -.+'., 

be used both on ac and dc circirit. They do not have high degree 
of precision because of hysteksis. - .  I . 

. . - ., 
. . . , 

Extension of the Measuring ~ a n g e  .of lndicatin,g - 
Instruments by Shunts and ~uli$liers: 
For Ammeter: - The measuhng range of, - .  . -the' i~dicating. 
instruments when used as an ammeter can ,.. be extended < +. ,, by 
using a : suitable shunt resistqnce, , ? . . 1 7  :. Rk acipss (pa,railel) . ;I* -its 
terminals as shbwn infigure , . 3.10. with dc measurement .$ : ., c :!i .thereA .U ). . , 

is no . problem - in',extens@n , . . .. of range but for ac measurement . , ... the ,  ..J3 , . 

time constants of the instrument coil and shunt 'must be , .  'the . . .  

same. That is: 
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If Ls, Rs, L'%d R are -inductances and resistances of the 
shurii ahd > .  the irnrnetbr; . . 

.. . ' , ,: 

Ttierefore,'ratio UR=Ls/Rs 

'  he . ratio of maximum , . . .  current (with .- shunt) . to' the-~.full~sc'ale 
deflec$on . , I . . . - -  . .  .. current - >  (without shbnt]. r r b  is- known.a~'multipl~irg:factoi 

. . of the , . I ,  .:.. sh:u % -  + nt- + ,,;!; ; ,-: a ,:-I> .. , - - ' 

From . .  figure 3.1 0: 
iff - I 
IS,. - - 

, -. 
iLR , = 

- iR -- 
i(R+Rs) = 

Wi - I 

. ... . .  
it' can -'be seenb- teg [tie 'lower the' value . . of 'Rs the' greater the ' 

. . <  ... . - .  - .  
multiplying power Nand 
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hence the extension.of the  measuring rat ~ga 
I 

,For Voltmeter: The measuring range : of an indidadng 
instrume-nt, when used as a voltmeter can be extended by 
adding a high. non-inductive .. resistance . .  R .in series with the 
moving iron instrument as shown below in figure-3.7 4 .  

1 :-; 
I . .  .. - .  

, I . .  - ,  .. . 
Figure 3.11: Extension . .  . of a -  Voltmeter Measuring Range Using 

.. . . -  I . :  ( .--': ! L'.: : i v  , *  
, :, . . - - .  

~ i l t i $ ' i e r ~ ~ s i s t a n c e  I ..'. ' -  - 

Suppdse t he r ange  -of the instrument is to be &tended from v to 
V. Then from figure 7 2- above, (Viv) ,volts must be dripped 
across R. 
Let I be the full-scale deflection current of the instrument,: , . 

IR = -  V-v . . .. .. ... . - . i '  - : '  - 
( 1 )  

R - (V-v)/l = V/l-Irll: 1. .. -: . (ii ) 
R VII-r .' (iii); 

Voltage magnification = Vlv 
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Frog . I  I * .  (i) . 
IR = V-r 

. Dividing, . . equation . . (iv) by v 

IR/v ='v/v - I 
. - 

IR/lr=V/v-I , 

V/v=Rlr+ I . ,  

Voltage magnificatibn = Wr + 1 . . 

The greater. the value af R the greater . . I . .  .is . the. . . .  extension . in the 
. . _ I  

voltage range of the inshrnent. . 

.'r 

Exarnple3.2 . _ I. 

A m6vin-g coil ammeter .has a'fixed shunt of 0:020 with a coil 
circuit wsistance of R=1 KO and needs a potential difference of 

0 . 5 ~  acrciss it for'fuH deflection. 

(1 ) ' To. what total current does this.correspond? 

(2) Cal'culate the value of shuhtJ,to dive a full-Scale 

deflection .when the total .current ,is. 1 OA and 75A 

Solution 
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0.A0005 '.: x. 1:OoQ . ImR'. . . . - R,.-: M -.. - . . = 0.05 S2. 
9.9995 I,.. 

(li) Whentotal current = 7 5 4  Is = (75 - 0.0005) = 74.9995A 

Moving Cdil Instruments 

. There a& Gb kpes:of this instjumdni namely: 
, . 

(i) ~eimanent - magnet type (dc;measurernent only), 

(ii) ~hedynamdmeter type (ac alid dc'measurementsj" 

Pemianent ~ a ~ n k t  ~ o v i h ~ i ~ o i l  . . itist~urnents: (PMMCJ.: .. . .  . .  

The- . . operation of a PMMC type instrument is based':upoh . . . . , .:.-, <,.& the 
. : 

principle of current carrying conductor that. is placed ' in- a 

magnetic field; the conductor is acted uponb by a-  force, wfii* 

tends to mave[it to o,ne side and, out of  the field depending . . , .. onthe 

magnitude if the'curr&t passing through the conductoii 
, - r : ;  , . - > -  
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et 

Figure 3: 1 2: Qiagram . ,  of I PMMC lnsfrumen t 

PMMC instrument. +.consists; .of, :, a - permanent: magpet and . _ . a 
rectanguiar coil of many turns wound on a light aluminum .or 

, I :  
, , -  , , . . , . .  " . . . . r : ~  -7 ' . . . -. . - r.. . -.I'-: . . I .  

copper former inside' 'whicti"iSan iron core as-sh6wn in figure 
3.12. This is placed in between the poles of a U-shaped 
permanent:magnet.,Surroundi.ng *. I: . .a,.  . . ... . . .&a. I  . , , , ,. . , , the , . - . . core: .. . ... is-a r-.-z. . .. re~tangulac.coil , il. - ,., . . ..+.,: of :: 

many turns wound on a light aluminum or copper frame, which is 
,:,,,:;; --:o ' - ,* --- ,.,'! ;,, ... - . ' . 

k$pohed by delikaf6 bearlng~and t b  which is, dtt'&ch$dalight 
pointer that-will show:the deflection with respect to the current 
flowing 3 +. .'-:-T,-;;-.'i in the ,fi instrument. ,: - ;;;.A,: :, ! :-; ., 
Control of the coil movementg isactuaii'zed by ~o phosphbr- 
broip'tiair sprihgs;"dne 'above and one below,; through which 
current moves-in and . . . (  , out of . the . coil. The two . . springs . , .  .. ._. are spiraled 
in  opposite directions 'in order to neutralize the efficts of 

. . 
temperahe change. The instrument hasa uniform scale. UNIV

ERSITY
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For thistype . of . instrument,if flux density B ii constant, then:xt- 1s.. 
. . . ... .d ,-  

pr6bort@n81 to the duirent passing ttirdugti the boili.6. T ~ ,  &a.r - 
. .  

PMMC instrument is spring controlled so  that^,'^ deflection 6 .  
At the final deflected position,~d = T, - 

gat 

~dvantages. 
. . 

(I) - They havelow 4 -  power consumption 

(ii) Uniform sche and can be extehded over an angle of 270' 
.(iii) ~ h k y  possess hi$ h -'%. torque/\nleight ratio 
(iv) Theyhavenohysteiesisloss i 

The range can be extended by 'shunts & multiplier 
resistance' ,. t o~cove r .  .. a wide range of currents & 

voltages. 

(vi) -They have very effective and efficient 'eddy ' current .-.- 2-* -- 

damping. , ;, . - - h ? 4 + .  , .  

(vii) They are not much affected by stray magnetic fields. 

Disadvantages. - . .  .. 
. . 

(i) . '~o=t l iei  as compared to rn6ving. , .  iron , .  instrument 
- .  

( i i )  :Some errors ?I set in due to ageing of control springs and 

. :permanent magnets,. 
~ynamometer . , .  . ~ y p e  instruments . 

A Dynamometer is a moving' coil instrument in which the 
operating field is produced not . . by a permanent magnet but . - .  by 
another fixed coil (electromagnet), that 

41 
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is 'capable of producing magnetis:i~e~,~h&fi$!@w&f&fl~~a 
through the coil. It ca~:..be, . I.,, &&.ad; . r! &y&m@e&,, . . . .. . . .  GOlf$g@,- #fa . grid ..' 
usually as wattmeter. 

Scale 

Figure I .- 3.7 3: Block Dfagram of a lJynamoder ' . 

LOAD 

Figure 3.14: Electrical Conn'ection of the Fixed and the Moving Coils 
42 
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The fixed coil is usually arranged in two sections F and F placed 
' parallel to each other. The moving coil is placed in-between the 
two fixed coils and it is spring controlled with a pointer attached 
to it as shown in, figure 3.1 3; Figure 3.14 shows the electrical 
connection of the fixed and the movingcoils of a dynamomete? 
instrument. 
For this type of instrument the deflecting torque is proportional to 
the product of the currents following in the fixed and the moving 
coils. Since the instrumehti is Gring-controlled, the restoring or 
control torque is proportional fo the Gngular deflection it. 

Td 1, 12, i, e 
At equilibrium Td = T, 
Therefore, 8 . I , .  I, 

When the instrument is used as an ammeter the same current is 
passing- through ' bbth th~zf ixed.  and the moving -'coiis. The 
connection in figure . ..-- 3.. 14 I -  is wiy: used - ,: for.-measuring .+ , , L ; :  .. small current. 
For large current a shunt is used" to limit the current flowing 
through the moving coil, this is shown in figure 3.1 5. 
When used as  voltmeter the fixed a i d  eii co-ils are joined 

! : . - .  t 

in series along t with:a ,-::$... bi$H ! , 4 multiplier 3 ,  resistance R and 
connected as sh6wn ili figure1.3. (6.: . . .* r 

. -- 

Figure '3.15: Dynamometer Used as ~ m e ( &  for Measuring Large Current UNIV
ERSITY
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.. . .. 
4 .  

. .  , . . .. . .: . . , , , 
. , - .. ' I .  ._ . - * I  :.. : 

,~igure 3:16: - + ~yriamometer.~sed-as , . _. . . . . . volfket& : . .  , .  . . .. _ for 
Measuring Large Voltagek :' 

- 8  . I 

LOAD 

.Figure 3.7 7: Dynamometer .Used as Watt meter for 
' 1. 

L '  

Measuring Pdwer. UNIV
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Wtmlen Used as I x Wattmeter 
When the dynamometer is used as wattmeter, the fixed and the 
rnovia coils are arranged as shown in figure 3.17. In this, 
arrangement, torque is proportional to power. 

. - . 

s ince~d, :~ ,  l~fdroth~arra'~~ernent~(f i~ures3.14-3.16) ., . 

But forthis arrangement (figure 3.1 7), current I ,  causes a voltage 
drop V,that is equal to the load voltageacrossthe resistor R. 
Hence,Td I, V,? Td ~ o w e i  (drawn by the load) 
Therefore, e a Power- - 
Advantage/Disadvantage 

( i )  , Such instruments are free from hysteresis and eddy- 
current error (because there is no iron'core in  the rnbving ' 

coil). 

(ii) Since (toique~wei~ht) ratio, is small, such, instrument , . has 
low sensitivity. 

Cathode Ray Os'c~lloscope (CRO) 
It is generally referred to as  oscilloscope or scope and i t  is a ' 
basic tool that can be used as voltmeter, ammeter and 
wattmeter. The block diagram of an oscilloscope is 'shown : in 
figure 3.18. The- smpe .provides a two-dhensibnal visual 

display'-of the signalL- wave. .shape on a screen. An oscill'oscope 
can display - . ._ ,_ and also . _ . _  measure . - .  many electrical quantities'like dc .- . . , , , , I : - '  .,,. , . , A '  . 
or ac voltage, time, phase relafionihips; frequencyand B wide 
range of waveform characteristics like rise-time, fall tim.e.'it can 

. ,  - . .  

also be used to measure non-electrical quantities like pressure, 
temperature, flow rate, speed, 
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'di~~~adernent, level by using appropriate transducers to firsf 
c&$eh themh'int~ an 'equivalent voltage, and thereafter fed into 
t hiscope.' 

input Signal - v z  - 
~Gplifier 
. 

CRT 

Circuit 

v . . :Trigger 
Circuit - . ~eneratol+ - .  . . 

Figure 3.7 8: The Functional Block Diagram of Oscilloscope. 

The components of oscilloscope are 'described ;below. 
(1 ) Cathode ray tube CRT-~ltdisdays .the :quantity being 

Yrnsasu red on, a ;.lu,mi.nasc,en t screen,- 

(2) Vertical..amplifier:: It amplifies the signal . ! - -  waveform to be 
viewed. .. , . 

(3) Swee:pgenerator: ~roducessaw.to,~t,hvdtage, . zl!i 

waveform used for horizontaldeflection . , I . .  . , ,  . . , : . I  of _ the . . . . .  electron . 
. . 

bea,m.. 
(4) Horizontal amplifier; ,. , <  4t, .  ~tj.s.[fed ,:,! r,+.:,k!+ with-a'.saw'tooth l c3,=7e!,317. I - . ! , j  :L ,.,;: voltage, .:. -,. a .. 

. 
which is then,a,pplied,: to 4;q!b;L:i!, the X-platesbf'the :,, i t T - -  CRT. , , ,  - 1  , 2 

(5): Trigger circuit; producers trigger . , .  pulses . .. to start 
L . .  

horizontal sweep. 
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High and low voRage power supply 

CATHODE M Y  TUBE 

Cathode Ray Tube is an electron tube, or evacuated glass 
container, having at one end a device called an electron gun that 
projects a beam of electrons against a luminescent screen at the 
opposite end of the tube. A bright spot of light appears wherever 
the electrons strike on the screen. Cathode ray tubes are used 
as picture tubes in television receivers and as visual display 
screens in radar equipment, computer visual display unit (VDU), 
and oscilloscopes. 

- - 

~lecirons are emitted from ' a heated cathode (negative 
electrode),in the electibn gun. A s-eriesof grids having a positive 
potential with respect to the cathode accelerate the electrons as 
they pass. The elecjrons, then pass through a series o f  
doughnut-shaped anodes that focus the-stream of electrons so 
that they strike the luminescent screen as'a fine point. Between 
the electron gun and the screen are either two sets of electric 
deflecting plates or two sets of magnetic deflecting coils 
depending on the size of the tube. Electric deflecting plates are 
used in small CRTs, whereas magnetic deflecting coils are used 
in large CRTs in which a large deflection is required, such as in 
te~evisidn tubes. 

.. L 

In CRTs containing electric deflecting plates, a horizontal pair of 
plates controls the up-and-down motion of the electron beam, 
and a vertical pair controls the left-to-right motion of the beam.- 
Both plates in each pair can be charged. If the charges on the 
two plates are equal, the beam will strike the center of the 
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The instruction cbpies the content of memory location $02000 to data 
register DO. i.e. [02000] -bDO 

2 .  MOVEA: The instruction Moves data from the effective address of 
source operand to an address register. The assembler syntax is: 

d 
Op-code operand register 

, - . 3 1 . -  . MOVE.A~'instrudti~n: oa+.be: use& td load an gddr*ss.!into bn9address 
, . ~ \ .  .. , , , . ,. 

reg,isf%f from- memory ;,orLfbk lbadilig' a.hl i&&iate ktd; : addr&$ . . . . . . 

register. . The 
, , . .  

EA is calculated using the addressing niode specified in the instruction. . .- . .. .. ., , For example consider the instructionMOJ,"~. W#$ioo@,IA.$ 
~. ' 8 .  . 2 . :  

> . . 
, "8.: , , , ,  ~ , .  .-. \ - . - .  , ..: : This instruction moves~i,{he2iiiiilied~~f e'7$ 66i& fldfd>QOO()j m.toi;the l'b* 

~, . .  . .  . ,.. ,;: . ,  ~. 16 
,. . ,  . , . .  ~ i . . ' , . , . . .- 

pi 1,6-bit of A5 Address regi'sttii , , , ~ ~ ~ : s i g ~ & ~ ~ ~ i f e n d ; ~ o O O  - 1  ;-/tb, :32c.bit .Ed 
16 , . : ~ ~  . , . 

00002000,6 . :, , 

.. iie.2000,~ - [A51 arid then iigned extended tol ,. 
[ ~ ~ ~ ~ ~ . o ~ o o ~ o : o o '  

16. 

Consider theinstruction MOVEA.L'$O~(AS,DZ. w), A2 

Assume: : [A51 =00024580,,, tD2], . .  .= 0045,. and  [0245,C9,,],,: = 

8'9.7645 12,, 

~ f t e f  the exscutioh of the aboveinstruction, 897645 1 2 4 s  copied into 
. . 

dataregisterA2.. . . . . . 

MOVEA can use all available (1 4) addressing modes. 
48 
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Electron Gun: This is a devicethat' projects a beam of electrqns 
'%gainst L'lum'inescentscreen attheopp6site erid bfthe tube; 

, . 
nega tive.ele'c&od~,iiit h . e ~ ~ e ~ ~ f i ~ ~ t i ~ r . ' ~  
Anode. they are+used tq acceleraie.~hej~;ele$f,roon towards a the 
Luminescent screen - .  . , 
X-~lrites: ihey are used to divert the electron beam' up or down (vgafii:, f - 
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. .. . - 
I-.. -- I,. 

. . . . 
Vx-& R . . 

v-1- , . . . I .  - 
w'- 

. ,  

. - 1 2 8 4  

- -. 

I 

I 
I Clock - . , 

II- 

I 

. -- 
1 , r: 

Dig~tal Voltmeter displays. heasurements d dc and ac voltages 

as discrefe numerals iqstead of pointer deflection on- a 

c~ntinuous scale as in analog indicating instruments; 

The.:operQ'tion of DVM is based-.on'dual-slope analog to 'digital 

conversion method. It cbns,ists of five blocks: an Op-amp used 

asban integrator, a level comparator;a basic clock (for generating 
. I -  

~ U I S ~ S ) ,  . , 3 pgj.ofdecirnal , +,. . . . .. counters an,d ablockoflogic circuitry as 

shown jn figure 3.20. 
The-unknown voltage V, to be measured is applied through 
switch s lL. td . I the integrator for a known period of time T. This period 
is determined by counting the 
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. . 

clock frequency using the decimal cbu~ters. Duririg time T, 
. - 

capacitor C is charged at a rate proportional to the measured 
. . . . I . .  

vol t ige v,. 
4 

Atthe end of time interval T, switch S is shifted to the reference 

voltage V,, of opposite polarity to the.Vi The capacitor's charge 
. . . -., : , . 

, ' I  .'. '. 

' : 
being , . . I - . -  to - .  decrease - . ,  . : -  . . - with ti-me'and . I results in a downward' linear 

. . .i .. '.. :,; : * . ' . . . - - - .  . ' I  . I .  . 

.- ramp-6voltage,,@u~~g . . .  . . the , .  se,cpnd . . . peripld , k. .d  a known yoltage.(Vk) is, ' 
. . . ,  .. . 1 .  1 , . . .  . . . . . ...- 7 . '  obsenred for an-!.ru"kfi&jn',tlm@ '(t),i ; '~hi&: ,~hk~%v\ in ' tihe 't: is 

. , , . ,  . . 
I I .  ' J . , "  ' . .>, - ; : ; . - ! 2 :: . i .* .. ,.,: ': , . . . -. , . ., ,. - ., 

:,a , j i l , , ?  *:,ij- .. . ' , , ,  ,:., , ..' . , ) . j  

determ'ined . Cy count~ng timing . . pulse$Jrbm . -. . : . . the': , clddk . . '  - , .  . until ._  , the 
, -. i .  

voltage across the capacitor reaches the basic reference value.- .. . . - 

: The count after timet, which is ~pr'opo~ion~l~.to . .  . . the input voltage 
. .. .. . .:; . , . . 'l , ;,,- * :  - , .  .; +A,, . '..- . . . 

\jx; is . .. displkyed ., ... &the . . measured vdltage on $ie8digital'reailout; 
,-, A , , ;  , a , - ,  . . .  . ' 1.. - - .  

, , ! ., _ f ) '  - . ., :3 , ,  .- . '  - , , \ I  ' - . '  - .-- -, - L, ':,dm 
' - . . 

By . .- us/ .- ng . .  . bppropriate., .,. . 2': ., signql. , . ' , -  , ' , .  ~ond ,. . ~t i~ofi j~g, # * .  curreg!, :-,resists hces  
, - - < .  L . .. . : . , . . " -. . . - <  , .. . 

, .I - 

and ac voltage,can . . bemeasured . , . .  by . .  the .saine jnsfiuhment (DVM). 
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CHAPTER FOUR 

TRANSDUCERS, I . a :  . 
_ . . I  

A transducer is a device or combination of devtces whose 
response to a mechanical or electrical, chemical or phy&?cal 
stimwlljs is an output sigrial functionally related to the magnitude 

and a - a sense ., . . - l , . : l . . . v 1 6 . f E . L ?  of the (direction)-ptirnulus,.. ';', . - ... . .. I. .,), : I <  . . 

~ransducers u.sually contain two principal elements. Primary 
.. <: c.; ,-, 1 .: - . ,  : .. - .. . - L  -_I- ;J?!y-),jZv;:- %. F; ?*: : JL:l.:,k,,+* , :  ? , - - - -  :;;;;: , : ' : ; . f ;  1- :; t,: ; , 1 . 
el'ment.or sensor and a sehhdary' element &at is responsible . . .:fokJth& ~w&f~tion-&he 6 ~tPGtiig naI: ~ H ~ h ~ : ~ g  t ~ ~ m ~ ~ u c e f i  "d 
. . . 1 , . 

.sepgfiare;gfi~ -. jnfe~&anged.fol;pna,a~pt ..I r %.. - ~ e r i ,  

~ i ~ & d " ~ r ' s  8 I ti? --/- #.. So. &itnu!/ ,A , -  ... -, . fall into --. +- . . , - ,  one of ,., , the , . r r ,  following .. q e . , a - . - . , -  - -  six 
i:, p :?*a 9 h L -  I .: I 

; .griOups: 

. : Physico-mechanical: force, weight, -displacement 
(linear/angul.ar), , , .. velocity , (.rectilinear or angular), -- - ,  - 9 ,  I , 4 '  .. - , I , .. i 1 .  . . , 

accelefation, . . pressure, flow rate, viscosity, ' moisture 
;, -.,: .- ".', , I - .. - , -  . . . . , - .  , 

'donfent;' vibiatibn, level, hardness, thickness, density, 
sol'bur, dpacity, turbidity, particle cbndentration. 

(ii) Electrical: voltage, current, frequency, phase angle, 
power,- inductance, and capacitance. 

(iii) Magnetic: Field strength (H), Hysteresis, induction 

(iv) Thermal: . . .  Thermal conductivity, Temperatuce. 

(v)? Radiation: X-ray, Uv, radiation frequency, visible light, 

nuclear radiation. 

(vi) Chemical: Concentration, composition, pH. UNIV
ERSITY
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Terms' UsedIn Transducer Specification. 
1. Accuracy: - is the closeness to , which' the outpd7qB?;lue . . 

approaches the true valueaf the stimulus., . , .  

. - 

2. .Sensitivity:js, the ratio . -. of.chahge .. io the output signal .to thel 

change in input signal. For example, if a lo change i? input ,.. . # . .  . & , * . .  -- - ,,'.. -.' < - 

angle of an angular displacement . - -  tra'nsducer . results in -. a . 2 ~ '  . . 

. . i: . .  . &!- 4 .  ,-;, - \ 

cha,nge - - ,  in output sig.nal, it is said to -have 2v/ . _,a, degree sensitivity.. 

3 i ' ~ a n ~ ~ l s ~ a n :  Range/Span ofa Tran~ducai is the diffMence 

between the: maximum, and minimu.m values bf ,' the. inp.ut 

stimulus to which. the outp-ut signal responds. Range ability is 
d 

a measure of ihe ratio of~ma,ximum in,put stimulus value. to 

minimum input stimulus value. 
, . . . - .  

kan$e gbiliiy = ~ax' ihbut stimulus value 
% .. 

Min input stimulus value 

4. Linearity Erro-r: Ifthe sensitivity of a transducer over its entire 

range is precisely ( _  . ,. constant,: it.: may be. considered: linear. 
However . no practical device can 'be perfectly: linear. 

Therefore, linearity error is the ratio of the cha,nge in the 

sensitivity of a transducer to the range of the transducer. 

5. Resolution: A small. change~in the:input stimulus to whicl-i-the 

outputwill respond; It is expressed as-the % of theinput range. 

Thus a rectilinear . . displacement. transducer with. a range. of 

1 OOcm of a resolution of 0.1 %will be 

53 
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incabable of sensing changes in input displacement can. sense 
an infinitesimal . . change . . in stimulus.. It is said to have an into an 
infinitereso~utions 

6.  recision: is a measure of the degree of repeatability ~. of 
s~uccessivemeasurement:of thesame inpiit stimiilus;.* 

TEMPERATURE . .  . .~ , , i . , ~ . . . ~  TF&?!SCUCERS ,. 
~ .#.. 

, ., , . ~ .  : J.  .. 

~emperature".~ is -a .  common . ~ .  a i d  . widely measured. . .,. 
, . '  . . . ~ 

. ,  . . ;-.,. - .  parameter.; ~ a ~ r ~ ~ ,  . temperature values- al;e .used for 
. ~ .. . ., 

monitoingand control:of someimportant pi6keSses:Thefe . .  , . . are 
vari,o,us r . :  .; t~ansducers . , 

.:. .,--.. ;>. _I-.- :-::e:-z:.; : ; - I  - easuring ' temperature i: namely, 
thei&istor, theimoc .. .,.~ .. . .. . 
L, : ;i.- - .-.? -.,;;.<~,,-{,: .:<;-,-jf:.>~w; --I? ., :~ 

pt ical pyrome:er resistance 
< ; ; :.,-. . , %, , < j .  ; ~ .t :, < ::. , . ,:<; : j  :..,/;f ; ~'~ *'.! , . ;..= ?.~. ; = , a ~ 

- 
cnerrncrneter; detectorh(RTD); "~semiconduct.or . . .  'temperature 

. . :.~ 
. . . , '.' ~ ~ . ~. . .- .,,_ . . . , ,... . . . .. ' ,  ,.' ..: ~~ , ,.. :, . . . . ., . , F:! 

se-nsor' i ,~,, .?~tb, :~fi~g,).jj.o~ia:~ a- :wide ch olce to. sb it ..a va 'of 
app~.cations, such as temperaturei~measurement,temperatu~re 

control, over temperatiire. , ) )  . 7 , ::%! ,.-. : c  : prgtection .! ,'. . . . , . . :  - . . .  over-current. . . . , . . . ... I protection, , i -I .; 
, . . . , :, . 1 iqu id ievel detecti8~,, ;etc'.-!'-:: 

. . .  . ... , . . 

THERMISTOR . . .  
. ~ ._ . , , . - , . .. ;. i ~ ~ .  . , , ,...-I. . . . ' . . , .  - ' . . ? . $  ., - . #  Therf,jistdr ;'lor.. fheidal;. res'istbr$. a~re~~6r;n ico~~du'cto~ devices 

, . 
~ . .. ~~ ~ -fgbi that their--rdiistahbe 

t,ure.cha;nges. Theycan 
ture. . -  They .. . . . s ' . . . . . (  :are ; , , .  , ,usually ~ . ~ . .  . . . ,  i n  ive, ,ow-bost te~mperature 

. ~. ~~ > .. . . 
.,~ . . .- . . , , __ J,jj. . . . .  , - . : -i '..' '. . ( !!, sensor, \niK,c$,!samilab]& kbad iange'df 'f&si<tGi.lce 

. -. .. . . .  , . .. , > .  . , . ~ . >  
. ~ 

ltcovers&i~mited:!empera!wre .., :. range;: but it isquick $biespondto 
temp-e.ra{uire,al$fations 4k _ _. : . ,. t ~ w ~ ~ . ~ , b  :, .-.: :J : ,,,: !.:,>. -..:"; and t .. gives .,: . =.. la. . large .. . , ~ ~ tksiitaric6chatjge'in . .. . . .~ ... : ... ~ 

value with . .__ temperature _. . . . . / .  I (e.g. .. .~ 3 .  4% , per . I0c). . > .~ .~ It , can , be .,.<. employed . .. . . . , .  to 
dei&ct :imal,.cha"ges intemperature. The resistance it 

- . 

exhibits 
54 '. 
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is non-linear. 
There are 2 types of thermistor namely, negative temperaturb 
co-eficidnt (NTC) and positive temperature co-efficient (pic): . - 

N.T.C Thermistor: Theirresistance decreases with the i n c r e i i '  
, . 

in te'mperature. The changes in the resistance are not linearly 
- ' ' , ,< : 

related to' the changes' in the temperaturel They. are. .used.for 
measurind temperature changes-aver takingjnto consideration 
. . , , . - .  

the . . ,:. o~n~linearityfactor . ofthe th,ermistolandproper calibration. . ,  , 

P.T.C  herm mid to^ Their. cesistagce~ . , -,. increase ghqrply above :a 
certain temperature.  he^ are ,used'mainly to prevent damage ih 
circuit, which might experi.enceea large temperature rise. For 
example; it is usedz- in-power .Supply -units -- for over-heating 

Figure 4.1 shows a temperature-ccmtrolled switch 
that will on at a certain temperature determined by ihk re Jstance 
change of the thermistor Rt. 

vc.c .. . : . 
7 

R2. 
- ',:,,::I;!;- 

. . 

,, !. 
: 

.. 
; i  - 

. , 

-i . , ... * 
, m ,; - :: , . R4,:, 

~3 ' 

L r *  

. . . 

Ov 

Figure 4. I:. Temperature-controlled Switch Circuit. 
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!, . 
. . 

. . 

i , a  .. 

, 
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THEWOCOUPLE: 
This is a simple, inexpensive sensor, which measures 

temperatureover a wide range. A thermocouple can measure up 
to ~OO@C. It produces a very low voltage (mill volts), which 
increases non-tinearly with temperature. Welding two dissimilar 
metals together can consfruct thermocouple., When the welded 
joint is heated, a voltage difference will appear between the two 
terminals. 'ihe magn'ifude af the voltage depends on the 
material of each ofthe f\;vo'wiies. As shown infigure 4.2, metalsA 
i n d  8 are welded together to form a thermo&uple. 

. . . . , ,. 

. . 

Metal B 
Figure 4.2: Diagiain of a 'Thermocouple ~ a $ i  fiom ~ e t a l s  . . A and 6 

. . 

-. ~ ~- 
'~.h~rmocou~les.are-chssified ~. . basev, on  the metals combined . . 

to ,. .. form " .. the thermocouple. . . . The .., various common typesare. 
.-.. , , . , .  gi+~h.f&b,w na,ijely, 

~ y p e  .E Chrome1:Constantan .... 

. . I- . .  . Type iron-Consgntan . 
. . . . .. . . . - ..--..... 
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Type K Chromel--Alumel 

Type T Copper-Constantan 
The comparison of the magnitude of the temperatures and the 

voltages . .  . for I . the various thermocouple types are given below. 

Temperature range: Type K > Type E.> Type J > Type T 
Voltage magnitude: Type E Type J > ~ y p e  T > Type K 

There' are standard calibration tables relating the output voliage 
to the measured temperature for each thermocouple type. 

RESISVVE TEMPERATURE SENSORS (RTD), 

This type of sensor coversa wide: range. qf:temperatur.e.. .J t is of 

low cost and also ~eferred to as RTD. It is made of pure metals 
and the resistance of the m.etal;dhanges with temperature. It is 

based on the factthat-the resistance of pure-metals changes with 
temperature, in a highly predictable and repeatable manner. 

RTD makes .use ,..of -.this change, .in resistance,, to measure 

temperature. ' Current is . required . to flow thro.ugh the sensor, 

which will in t~irn produce a stable reading whose change . - with 

temperature is more linear than that of thermocouple and 
thermistor. 

The. change is, however, small: and relatively slow. Since the 

change in magnitude is small, temperature alteration can be 

detected by using a Wheatstone bridge as shown in figure 4.3. 
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Figure. 4.3: Temperature ~easukement Using. RTD in a 
wheatstone . bridge. 
~ h i ~ b t ~ ~ ~  . . af thii'brid@ev2 ig.gkaaas:: 

Frbm'the above equad6n thehresistance value ofthe RTD can be 

calcuhted8-at-.an; unkilowwtemperature. The equation relating 
the.resistancesof a pure metal at two 'different .temperatures is 

given below, as: 

R, =Ro 11 +a (T, -To)1 
: .. . I '  

. 
, . ,;,:," - ,;,.q .!<?;.i::- :,.. , -  ' , , r r ' .  whef&,~ T' a~e~fw~.~empe~afureS;:' 

1'3 o , [TO = o"c of- 25°b] 
*, . , - *  - 1  - I - %.^ 1:- I 7.b 

- . .  . ,  .,a ~~emp&ratureco-efic~~"f~f r ~ $ i s ~ " d d f ~ r t h & ' m ~ ~ [ ~  ,. - 
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LTTVEAR S E M R - Y -  

These inexpensive semiconductor sensors produce a voltage 

that is linearly proportional to temperature. It has a limited 
. . . . .  

temperature range and; like most . temperature . sensors, suffers 
. . .  . . .  . . . . . .  . . . . .  . 

. . .  , . :. . a  . - 

from self-heating. I TO get , . accurate _ . . .  :readings . . . . . . .  and. to prevent 
. . . . . . .  ,. ' . . 

. . .. , . - , .. ' . 

damage . . to thesensor,, a moderate cu{rentshould beapplied,' 
: . . .  . . . . . .  . . .  : . . . . . . . .  .I 

. . . . , , . An example of iu,ch, iensbf is! ~ ~ t i ~ ~ ~ l ~ $ ~ ~ ~ ~ ~ d & ~ t ~ ~  ~ ~ 3 3 5  

precision temperature senso~with. . .,.. ~ temperature , .,. . .  :range.-40 ... to + 
. . . . . . .  .- , 

1 Oo°C. Other..v.ariants.are:: 
....... -;,.-.- . ..*,; 

' 0.. : , ' L M l ~ 5 ' w i t h f ~ ~ ~ ~ f ~ t ~ ~ &  ranQe-55. $,so. c.', 
. . .  

LM335 . . with ..: temperature . . . ,  . . range40 . , t~ + 1 50°C 
, , . ,  . 

Each . , .-of the.$&' s e " ~ o f ~ p r ~ d u c e ~ :  ar(;;ohtput ,:voltag&i7YH[bh: 
. . , .  . .. . . . . .  .< 

. . 
. ; - , .  4 . , , , . , - . . , , . . ; .*., .. - i- =, I.-' . . .  ,.:?." . . . . . . .  "., changesbv l ; ~ ~ ~ P c : h t ~ , ~ ~ ~ ~ ~ t " ~ ~  an&f& a; Eur&"t tcqng;&..of, 

.. . . . .  - .  . :  . * .. . . 

- 4 . 4 ~ ~ ~ ~ 0 ; 5 m ~ ~ ~ l i ~ e a r ~ s e . r n i c o n d ~ u ~ ~ ~ . ~ e m ~ ? ~ ~ . ~ ~ ~ ~ ~  : .  . . .  . k t  : . *:L . . 
.,. . 

be connected . aS~h.bwn.infigute-4:$ . , . v.li11, .I . _. &&@eby ._. . .: ID&/ i 
. . . .  . . .  . . , :. ..... " .  . . . . . . .  inr' i,.,,.. . .),?:,; ,F'&a'ch '.I Pc:changeilh t f f ~  tempetafure: 

. . . .  ~ . . . 
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D I S ~ C E M E N T  TRANSDUCERS 
These are sensors that are usbd.br me&ing distance, 
podtiqn and presence of an object. ~xamples of these are 
Capacitance - .  . ~ransbucer,  ine ear Variable Differential 
Transformer (LVDT) Transducer, Encod&rs, Linear Vaiiable 
Differential Inductance (LVDI) . Transducer, Synchro and 
Resolvers; Potentiometers, .: iimit Switches, Photoelectric 
position ,.. . sensor, and Magnetic Proximity ~etector. 

'Llhit Switch: are used in refrigerator door,, car door, seat beit, to 
detect . . the position o f  the doors whether closed or . opbn . .  and 

ilsage . ,.  ,if, . :.,. .r t he LLI -seat . . . . . 4- belt . :- by , ca[.oqcupa~@. . . A. . . . . They: '+r are; of the single 
pole ~in~lethrow , . - -. switch .. . (O~~IOFF) type. 

. . 
~ ' ~ ~ I i ~ t o i l . ~ ~ ~ r i c  ~osition Sensor:. . . . .-.. This,.. is- used: to detect :the 
:.: <... pwsgnce -.+I.: r2L :, !!J .o{.an;-object;. ; sh 3 wui  I .*., ,:; It cdhsiik ::: .,*.:FJ . .at.,,, , of $. :a ,. . . =  light - I  , .. source . . - qd..a .. ,- !. !. Jig ht 
' . dekctor. I ,..., ... When the object' passes .in between the light source 

%*5 -.:,<- ". '. ' t::,, ' IP, ..:. . ?-. :;- - . - . -.. - ..... -- - . 4 '  - '-' ,- 4 ., . I :. - . .  
ahd~i~~detect'di, thd.l[ghi*path frbm the sburce to the defector is 

., ,. - .  
,;.brolcê ni . I  a ' , ,  themy signifying ., .presenceof ... . . an object., 
The ligtitsburce cohd be LED . small , . .  bulb, . . . + . sun:grdaylight, . . . while . - 

the' ddector . , could. by &otodjode, phototransistor or photo 
' resistor: ~igure 4.5 shows an object passing in between the light 

sbukce (LED) and the light detector. When the object is blocking 
the light source, the transistor ~ r l  'will not conduct and hence vo 
will be high. With this,' the of the object can be 
determined by reading Vo or of an LED bynVo. Vo may 
also be' connected to other electronic components such as 
counter IC to count the number objects that have passed. 8& UNIV

ERSITY
 O

F I
BADAN LI

BRARY



- - - '. I-... 

I. 

- .  
F/&re+ 4.5: Amnoemen f of L&ht Source and ~etectbr b Sens$Presenee bf ah Objict 

Light Intensity: The li@t'det~Wrs,photb#?ode, phbtotransi~t~r 
and photo resistor cap also be used 'to peaare light intenSityi 
This is shown in figure'll:8 'Qsing a light I depepdent . resistor (CDR) 
to measure . ,  the intensity ofthe ambient light. The more the li$ht 
intensity; the lower the- resistance :of .the LDR and hence, Vo . .  . 

reduces.. . 

:" 
Figup 4.6: Measuring Light intensity Using a photo Resiitor (LD R) 
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poGmtiometer: is also known as 'Pot', constitutes one of ti<? 
s i m p k t  forms of displacement sensor. A rnoverneht on the pot 
will give a correspondi'ng proportional output voltage. There are 
various types of pot namely, wire'wpund pot, conductive plastic 
pbt, magneto resistance pot. ~ ~ o t  could eitherbe lihear or rotary 
pot for' measuring linear and rotary displacern6nti respectively. 
As shown in figure 4.7, a resistance RP is uniformly distributed 
over the range of displacement of interest and a fixed voltage 
applied across it. 1f.X represe.nts the. displacemerit (relative to 
the full scale value of tGe displacem;(nt), ,I . -  the outpbt Vo is given 

- 
Figure 4.7: Linear .. ~oten.fiometer as a PoSition Sensor 

> :  :: , . 
J' 

With the arrangement , , f .--.+ of fig<re ..- 4.7, the voltage Vo is directly 
, , I V  -" - .- 

p~oportional to the displacimd.nt .. . x and Vo cank t  be hig herthan 

Figure 4.8 shows the diagr&'of \ ,  the rotary botentiorneter. It 
. . 

works on the same principle &d by the linearipot except that it 

measures . . angular . . .. . displaceiment; . . . ,... -' 
. - . , 
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: I '  .. :.; 

' i-: .. t !  . . .  - .  

cgure . , 4.8: Diagram . . .  . . o f ~ o t a y .  . ..L.. ~o fen f ioh fe r  . .. . .*. ... ..,. ..., .sh~;vying:th.e . Displacemgn!X: 
. .  . . .  . - ..... , . . .  . .  . 

,.. . .. 
.> , 

, .. 

: . 

?..: . .. p,;:p~maY~winb;n~ . . . . ; . -. , ~ . > . .  

-: . . .  .. S, . . :and. S2 are,.two.secondary _ , . ., .- ~windi~'symmetr ical ly~laced - ~ . -  -~ . ,  _ with . . .  respect-fg,~,; - . . ..... .' , . . 
, ,  . ... . i 
...- fi..v ,,; ,/.., ;-,! 

0 - ,  2:-,  f :  . . . ~ .  . ~. . . . , ' .  . . 
~. ~. . .. , _  . . .  . , 

t . .  .' > 

Figure 4.9: ~ iab ia rn  of LVDT ~ r a k d b c e r  
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LVDT% a sensor that can measure displacement in the rafige of 
Imm to Am. The diagram of LVDT is shown in figure 4.9. It 
consists of a primary winding P placed symmetrically at the mid 
point of two secondary windings -. - S, and' S;. In between this 

primary and secondary windings-there is,a metal core attached 
to a plunger. w h e n  t this plunger isdisplaced form its rest, the P 
winding iriduces a voltage Vdat the secondary output that is 
directly proportional to the.'. plunger displacement X. V, is 
adjusted40 B e  zdto when the plunger is at origin;' 
LVDT are rugged and can, ., . be .__ used in any , environment,-theyare . - .  , . . If. 

k - *  

insensitiveness. to, loading effect, last longer, and are 
: L ; i  - ; , i - l .  . - 1 

' maintenancefree. ~ b r  ,any change in the displacement, there is 
a linear change  in',^,. They are, highly sensitive and relatively 
inexpensice. 

Linear Variable- Differential Inductance . ,  . (LVDI) , . Transducer 
- m. I   he^ are used to measure small displa.cernent, and usually-for 

proximity detection; It utilizes'the effect of ferromagnetic core on 
*-T-' -'-- - 

flux produced by an electromagnet.As .- . shown in figure 4.1 0, an E 
shaped rnember~~~cons i i tsu f  - coilof N turns, when ac power is 
applied, the coil -sets up an .. -.. alternating magnetic flux, 'which 
follows the path shown with dot. When member B is moved it 

< ? ? *  

changes-fhe magneticflux pafh;as a result, the  current in the coil 
changes, the ammeter A reading indicates this: , The 'closer 
m&mtjefB:is to thecoil the'mbre thefluxhand the current-in the 
coil. Member 8 can therefore be attached to the body whose 
proximity is to be determined, ahd usually member B is metal. 
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Air 

- #  Figure 4;IO: Dfagram of-LVDI Proximity Transducer 
, . . . 

. ENCOD,ERS,(Optical I , , . , - . .  Encoders) 
- Optical encodkr sen'sors are widely used to: rnka'sure position 
~and-speed in7 various applications. There are:two different,types 
of optical encoder namely incremental encoder and , Absolute , 

encoder. 

INCREMENTALENCODER: Is divided into linear encoder and 
rotary encoder. A linear encoder consists of a strip with equally 
spaced slots or holes through which light can be transmitted. A 
light source and a light sensitive device can be placed on either 
sides of the strip, a few millimeters a-paart When the strip is 
moved, light passes from the lighksource to the light detector or 
the light sensitive device only through the slot. Conduction 
through the light sensitive device will be sensed by the interface 
circuit, which will count the number of time the photosensitive 
device is turned on and off, th;s obtaining a count proportional to 
the displacement and the speed of the object can be measured 
by dividing the displacement by the time taken to cover the 
distance. 
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Figure 4.11: Reflectiy6-surface Linear En.co#ers Disk For Measuring Linear Speed 

Rather than usicg slots or .holes, eqyally ,spaced.'light reflective 
surface can beplaced:on. one.tide.of:thk strip as  . shown . in figure 
4.1 1. The un-sh,aded . . .. portioqs - .- . . . , represent reflective surfaces. With 
this arrangement, the. light.,source and the light sensor are 
placed ori the same side.The sgnsor will: be turned ON and OFF 
as the reflective lines are moved: 
C[l;l:eVa~ ,..~~ncoders,,,are - d l - . C -  . ,.. - suitable. fo i -  . , - . dei.ecfing. .. I ;  motion . . , along-. . a . :  , 

-strai$ht':;lihe . .  . [while: rotary ,erl~ad.ers-.a~e ., ,:.. used; $1, . angular .. . . 
meadii&&&f of i~p l$c$ , f i enf ;aha-~~~~d. , -  . . 

Figure 4.12: Re flngu!ar Speed UNIV
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Rotaryencoaers are ~ase-a"-aIWoOri tne samp p~nclpleused tor 
' - I.., l ,  

linear - . encoder . . . - ,.. exceptthatrotary .. .i . . . . : . ,  rl- .,. ;. . . . . . encoder . .. ... ~ is in a form'of refiective 
,disk rather than a reflective strip as shown-indsre ~. . .  4i.12 ." 

ABSOLUTE ENCODERS: . These encoders are coded to 
representevery po8ition:by aunique .. . code-@naryl ~ r a ~ ,  excess i 

3, y BC.D. . i;fC:j,. Thhy pk"jde : the A'ab&lute -pbs.ition beinO 
a I.-.- . ... ...- -. . ,.. . . ~ , . - ,,-. :, . , .- . ., a 

measured. ::Let us considerl.a three channel absolute $ . .  encoder 
sh'ownin fiGre.4~ & 

CHANNEL 

. . 

surface 
I :  _.. ... . ,. 

POSITION 

Figure 4.13: A Three Channel Reflective Surface Absolute 
Encoder 

Where',t@&reflective..and;opaque . . . - I  , - .  . .. , - surfaces are made on thsee.' 
hor@on&~~nes, this giveSeig~,difie~~ntpositibnS; eachi,g read 

. . . . 
, ,.,, ~ ~. :..., ~ . ,  , . . , . 

. 3. :.,: .....-, -, - ."'\. %,:. 
. .  . as a, thre&.\bit binary'nu,mbg,r: w'hep~.~$gfl:&~fiv@:,.afea: p.efmits' 

.. ~ .~~ 
::. ~ ~ . 

conducti~on,~~filight, i . .  . . ... t~,e'~etiy!~a~si.ng:a,~~hotosensitive . . - ,  . . . . .  . , , , device . , to,' .:!. 

turn on.'~hree' . bjffereh . . .. ..*..,. : -  $ . r  ~ightdetectors. .*;.;., , ; :,: ...,..... . - . . A, . . ,,. z Ba6d C are ikedto'  
. .  . . - A' detect light:from thb.t~i$e~ha.'nfief~;i2-rheztruth.' tabl&, jfofi :th& 

p-jsitioA skfised bithe light detectors is' '. 
.. . 
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g~ye,%$~ , .  table. $ .  , . . _  4 .3 .  .~ 

... 

detectors 

The advantages of absolute encoders are: 

(i) Ability to give the exact position of an object in one reading. 

power to .the .. .. encode~.OFE , .. . and 0~ .aga ih .  

.. ~ 

.m . . J  r ..,: '1 ...-. ' , ' ,&.+ 2 -: : , . -  
-8.. L, ;: ... : ..,... - I.. I , ' ,  i , - - . .  CAPACITl"E D,,s.p,~ACEMENTTRANSD."C~'$ 
;.A .: : . . :  . 8 ' , ,  : ; ,,., .,.: , ;.-:::* ,;..j;t ... . ;  ,, . .  . .',':- - ,  ,.. - 4 :: , , ? L.< 

A capacitor consists of two .conducting plates . ,. se~arated by 
insulator, which may be 
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air or dielectriw matprial.. VVhen a, voltage,is applied td.the.webl 
of capacitor, . , . .  'equal 'and- ppposite electrical . . char&, 

ap,pear . . dn ,;, ,. -. , thb -. . plates.. , The , ratio of . , thecharge to \ioltage is the . , . ' r i  
kapacitance~ i .e, q/v = C .- , , 

Capacitance variation can be achieved by changing either the , '  

a-rea . or . these plrat iilg d,istance between the plates. 

Capacitance Variation Caused By Plate Separation 

..... - . . . '  - .  . r .  \ , ' ,  
, ' ':. ' 7 ;  ' .  -:..- - .,.> - .. . . I ,  - - 

Figure . t' , . (., 4.14:~iabram 7 . ..; . :, . . . . Of . Capacitance + plates ~ i i h  P o v r  Supply 
Cbnriectedr . .- . . . .  

The&&&gnce C beheen facing plates as shown in figufe 
- 4,14i$i$iien :: 

.Cdee,Ald ' 
Whe@e,-permittivity - .., . m .". ,.*-',!' , .:. ;.;. offreeair < (~,=,8.8x54p~m-1), 

d -,the plate separatior! . . - .. . , . . -  ,! , :(I i ., - .  

' 'A- the - .I- area . 6fthe-plates . . 

~ & m  th equationof capdcitance C, the'aiea A a'hd pennitivity 
of free air are UNIV
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coil$!gnt. If the plate separation d is varied, there will be changt 
in the capacitance of the plates; hence variation of the plate 
separation d can be obtained by measuring the changes in the 
capacitance of the plates. 

:- . Capacitance Variation' Caused By , Area . 

Side view Front view 

. ~ .  > .  . " .  
* <  <.. :~..', 

be,been the plates as shown infigurG'4.15a. l'f we assume that 
the:insulatorsAthicknessis . 
- .  , .  ... . , .  the sameas the; plate separation d; 
then, if the , . insulator isvaried by . . displacement . . X asshown in 

: :figure 4.15b, and then Ar'eas A, and 4, :wil:l als.o:vat-y and will 

L . '  v.s :,plate 

cause a proportional change :in theovera l l  value of the,  
capacitance. . ,  . The object whose displacement is to'be measured 
is attached' to the end. of the . .  insulator. , .  The -equation bf the 

. . . , 

, 3 ~ .  

capacitance will change to: 
70 .. 

(a) (b) . . 

Figure 4.15: Variation o f ~ a ~ a c i f & c e  By Varying fhe Sutface Areas of The Plafes. 
. .- . .- . .. . . . . . . . . .  ~ . .  . . . . .>.. . .  ,. ( 

 noth her . .. way to vary . the , capacitance .... is to. . :  introduce an insulator 

, . 

. - A2 

. . 
Insulator 

. ~. 
: ,  
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C =e, A,ld ,+e,.e,A$i 

Where g,- Relative permeabilityof the insulator 

MEASUREMENTOF FLUID FLOW . 

Measurement of flow rate is also very important to the'industries 

involved in the . production . and distribution of gas, wafer, fuel, 

chemical and etc, there are many transducers used for. these 

purposes, they are usually called.flow meters. Some of themare 

Venturi tube' flow mete< Orifice ,t7o w'meter; Rtot :tube fio w meter, 

electromagnetic-flow meter, ultrasonic flow mefer,Corioiis flow 
rneter4,and ~odex- fhw mefec Each' d these flow meters . . .  has. 

.vari*us advahtages and.tbey;are'used . .  . fur.variob8 types of fluids 

depending on the properties df the fluid; 

Fluid' comprises' of'-gases, liquids, ' mixture of solids' and liquid 

and a+fluid ca.n be compressibleor nun-compressible. 
There:.are? three.. types of measurement that flow meters can 

p.rovide., namely. 

Flow velocity: . d The veldcity . .  . with. which a:, fluid . ... is moving; 
.. ' 

.. .. . 

measured ,[p: m/s, 
Volumetric flaw rate: The volume of-fluid rnoving.al6ngapipe in 

unittime, measured in m3/s. 
, . 

Mas& flow 'fat& Tf e mass of fluid moving a tohg a pipe in uri% 
. . 

time, measured in Kg/s. 
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The Venturi Tube Flow Meter 
I I .  

DIFFERENTIAL PRESSURE 
TRANSDUCER 

The Venturi tube can be used to measure volumetric rate of flow 

I I 

of ,.. a Rowi,ngflui.d . . . . . . . . . . . . .  .... in apipe. . . . . . . . . . . .  The,,Venturi ,... tibe .. is inserted in between. 
. ., 

the pipe and as the fluid isfl.owing . . ~ ! .  . , , ~ ,  throughthe ..... . . .  Ven!uri , . tube there. , . .  

P I ,  

is , .a.change , , . .  . . . ,  in the ... pre.ssure.of ... 2 L 2 1 i  . r , .  the ,. , , , fluid at.the.constrictqd : .. throat of 
............... .." ,. ; . * ;  : : L .  . ~ , ,  . . = - , . . - ,  : ' "  ' 

. . .  . 
the Venturi tube. . . .  ~ s s h o w n i n  figure 4.16, the diameter . . . . . . .  of point . . . .  B 

~. . .  . . .  , . . . r z  . . I .  '- - ' . . . : . . .  . . .... - 
> , . 

P2 

is . (, smaller . . . . . . . . . .  than that of . . point' A, hence when the fluid' is passing. 
. . .  . . . .  . , , ..: < . . . . . . .  , "  . . . . . . . . . . .  ~.: .. . . , , . , .  s :  . .  , ,  . .  thfou.gh'.point ,it fastei than at po,int *. This inc;&a'se. 

. . 

FLUID FLO .A1. / 
. .~ B 

Figure 4.16;. The Diagram .of a Venturi Tube:.. 

speed causes a decrease in the pressure of. the fluid'. The 
pressure change is measured by the differential pressure 

transducer connected to the Venturi tube at the pressure points 

P I  and P2 through pipes. 

The volumetricflow rate Q of a Venturi tube is given as 

Q = Constant of the Venturi tube X v (Pressure difference between 

points Aand B) 
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Turbine FIow Meter 
Turbine flow meter is one of the flow meters vviaely used in 

water and fuel.distribution industries. The block diagram of a 
~ i r b i n e  flow meter is shown' in figure 4.1 7. 

Figure 4.1 7: Turbine Flow Meter 

The flow of liquid causes t he  rot? tospin at an angular velocity, 
which is propdrtional to the  velocity of the liquid. The angular 
velocity of the rotor is detected from outside the tube by 
electrornagn&iic detector (dG generator,) to'provide ari electrical 
signal proportional to the flow rate or mechanical counters as 
being used in the old fuel dispensing pumps at fillirig stations 

DATA LOGGING SYSTEM 
Data-logging system is a systern'that accepts data , . from real life 
processes ushg . ,  a,ppropriate transducers. . . Transd~jcer . . receives 
stimulus from theprocessand iroduce output sign@ fuhctionally 
related to the magnitude and sense of the stimulus. 
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The stifncllus can be in any form for example pressure, flow rate, 
, , 

color, particle concentration, vibrations, moisture ' cohtent, 
I - - . .  . . . . .  ... 

opacity, turbidity, temperature and sounds signal obtained fbm 
.. . , .  , 

, I .  ' 

experiments or surveys and that can. used as basis for making 

analysis, . . calculations, control or drawing conclusiqns. 

DESIGN OF DATA LOGGING SYSTEM 
.I ; -.. 

Adata acquisition system consists of many components that are 
integrat.ed together namely:. 
i. ~c~uisit iah of elect~caldgnals equkalentto the stimuli using 

trahsd,ucers . . 

ii. Condition -the electrical signals, to make it readable by an 
analogto digital converter (ADC) circuit; 

iii. . . convert' the signal into . , a digital format acceptable- by a 
. computer 

iv. Process., analyze, store, and display the  acquired data with 
the helpof sofharei 

. 8 , . .  . ?-+ ,- -. . . '  .. . , m ,  
I#  ,( !-iy*.a; cigulM 4.3 &$@4,$ :&bw:fh~, besic,,b!bCk a,i$g(&m. and, the 

; - . . . - 1 , .  , . -  & 2: :,+. .mv , ,.:-: :; I:$, F.+-* ..J>*=! ,-,a; .::c; - +.*T.-~-*-- 7.:  .--. &+fijtec)q4re''& fi;'pi6dm -data, ldggrng, sysf~m;~~~fi@fiU~ffP~ej;er 
..., ,,v-- , L,: , ,,y :-d . ' . ,  "u. s - .  .. : , - : +  ,* ' 4  - . -#$-?. " = -  L C .  ..f..:::-:;?j.:;-. *. . Lr:f- 1 ,  

( M  , -ma ~$3,. - SsY re24. 1 9is t6 S616ifbne but of" transd&efs:\&The 
+, i w ? f : ~ ~ ~ ~ : ! ~ , i ; ~ ~ ~ , ~ ~ ~ ; * ~ ~ , ~ ~ ~ , 4 < ~ < ~ ~ , ~ ~ ~ ~ ~ ; ~ ~ ~ ; ~ ~ j j ~ ~ ~ i + ~ A , ~ ~ ~ ~ ! ~ , ~ ~ ~ o ~ ~  4 ' -  l , jAV- .;.:,:,-; r, :-~fiqt2:,.~,.;-,F - .  :,., analog ' slghal-cond~tidnmg block is" to- peifornl- "sdalEg, 
amplification,. linearization of the ,# . _, .iransducer ,.,u , , j tr ::: - --l--.. - signal. .= ): :,i'.;- k. The 
pmon,al .: -. -.:-.'. . :? !  .! c~mpbter. !. ?a< L: - , ~ r ~ . - p * , ~ . e  is rk- doing -- / L  - the j'6b of .&fltrdib"b+ the'' wdcfle 

\ ,;, 1 -* :.> -, j.* ! . ,: ,. . *. ; { .I* ,.: , , *- , - -- .-.. .ah., 0 .b4 b.'.' -. ) , : 3 4 - " ,  >! q;;: , ;!> g*fem,by r , d i n g  the, a~~r~s$:;~fb;f.th6~&~$h's~~~~oP:to..wacqulre 
,. , ;.I: -5 - .-:. k : . , ;:*< :! ,!;,?>.:?-;:.; .' ,:--..,I. , , ,-, ,. - - 0 :  .. - .  - ; - . ; ;  , , . - , t *. -. 

' -At. p h j l @ d ~ [ , : ~ ~ $ r ; i ~ ~ t ~ t ; k  afib:'all ':bth& processek- tKj f  follows 'the 
,* , . , I ! -  1 . - ,  , : ... ? ?  - 2. . , -  . ..,, +t - ,- - . , ?;,-;-. * ,; 4:;:-. ! ;. - - .  aci;iiti." - sou.q h, ad signal conditidrii"d; conw&i6n:: :to digital 

, " . - - ,  : * , .  . , . .  , . - . . -  . ... . . - .  .. . > . . ' , .  . ; .  
form, storage; piintihi and foi control plrrposes. - I ' 
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I . .  ' .  

. Figure A f8: .Basic Block Diagram bf Tpmc6\ Data Lugging Sysiem. . + 

Signal. Canditionirig : . 

,.. . . 
, -., - :, - :'. 

m c .  
. '. 

Cofltrol -, 

I 

-- 
i . .  - - . .  - 

- .  - .  - : '. - sig".d '":' I. . . .. '. I , - 

A Print0r . ,  

.-. . DidtaI . . ' 
. . 

. . .; . . .  -. 
, .. , # -  . , - . -  I . .I* I . . I.. _ , , 

- .  A!*&*, . . 
, ' . , 

5 
,;'L 

, . . . 

Figure 4; 7 9: Architecturb &:TY@'c@ ,. l Date ~ogging' system 
-' . 
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CHAPTER FIVE 

lNTRClDU.CTl!ON TO OPERATIONAL-AM AriiPj PLIFIE~ (OP- 
. . 

The need for signals amplifiers . in . most .. instrumentation , . is clear, 
s@e th= ' o ~ t ' ~ u t  . signai;from . .. . .  transducers are , usually . ,!. ti; , .;. : , too small to 
be used..':dire,dly :for cqnt&, ' rec~rding or . display purpbses: I-.. > .  . 

~herLf&e ,~s i~na l  ,. ,i** , . ! . . : frorn'transdu~e~k, I '".* .. mi> . ' i 
have to be amplified b i fok  

they cbuld be used for-con trol, recording or display purposes. 

OP-AM.P CIRCUITS 
OperationalArnplifier at its simplest can be conside;red as . 

.:.. : . .-  , . < <  ; ;.:, :;-; a ,  , 

a voltage amplifier which amplifies with ve j hjgh '$he 
, .. , ,. . . , - .  -----.:-*,.-- .--- :-.*,+;+,.::. .;,::; ;,,,,, ii;,,--::< .. I . .' . 

difference between two inbutterminals , , .  as.shown.in.fig0ih 5.1. 
I ,  - ,  

. .... 
: ~as ih  Diagram of ~pefational-~rnplifier .. . circuit. , 

- - A; (V+) (V-) 
. . - F4 ...:, - I bSfteyeential ;vol tag gain 

'A d 

I ~ohdiivertin~ input (V+) 

B d 
I lnvertirig input (V-) 
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It has a voltage gain ranging from 150 to 20000. This gain 

depends on the operating conditions of the Op-Amp and the 
components used to connect the Op-Amp. For example, the 
output V, is limited by the power supply to the Op-Amp. 

CHARACTERISTICS OF OP-AMP 
I. Infinite gain 
ii. Infinite input resistance (The Op-Amp behaves as if it 

does not draw any current) 
iii. Zero output resistance (you can draw as much current as 

possible from the output) 

Due to characteristic (iii), Op-Amp can be use as a Buffer i.e. it 
can deliver large current without taking current from the 
transducei (it is assumed that the current the Op-Amp takes up 

I 

is zero). I 

Because the gains of Op-Amps are not very stable, Op-Amps 
are always connected using feedback so that one can replace 
the Op-Amp with another of different make and voltage gain. The 
use of negative feed back in Op-Amp circuit is to eliminate the 

- - 
large practical variation in voltage gain of 0 p - ~ m p s  and partly 
due to other imperfections. Negative feedback is used to reduce 
the gain to useful and predictable value; 

Neaative Feedback 
Negative feedback is the feeding back of a percentage of the 
output signal to the 
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1. ~ i ~ ~ l ~ ~ - : = f i d d '  d''feedb~G@~nTie~~Onr:which;could ,be_inveM,g 
. . 

.-; ornon-inv&difig - 

2. ~ i f f e r e ~ ~ ~ l - ~ p . ~ ~ ~ ~ ~ ~ ~ ~ & : ~ i ~ ~  .-..-..- .-+. 

3 .  -1nstiuh~ntati8n:: -0pArnp; ~ k h  is a - ,,yarigtion. -. ;- of the 
diff ~ t ~ . i s t i ~ ~ - ~ ~ . p s  -. , , ?  ,. - , .  ;. .a 

SIng14 Ended  on-lnverting~mplifiei; . -, r .- . . ' . j ,  .. 

When one side of.'the transducer output voltage..is connectedto' 
the cornrnan,line of the:amplifier voltage, t b ~ r ~ ~ : s 3 ~ ~ l j $ ~ & $ g a t  
there'@ an& agsighal source:of voltage. Thisds- kndwnas$in;lgle - .+#:, F 

* 

Ended Amplifier and we have 2 types namely;,Non-inye~ingand , c y !  
. A ,  . .- 

I '  

Inverting Single Ended Amplifier. 
r ' -  

78 

C r d n a 3 u ~ k ~  Slgn8FhmpllWr 

FMure 5=-2: Diagram af Single Ende.d Nondnvettingr Amplifier ' 

1: 

34 

A 

R1 

f , '  

: I . :  ,,? , 
'4 ' .urn I 

" .  7; - 
I 
11 

II : 
I 

Y o  

.' . + 

R 2 

L. 

. I  . . 
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Let us consider figure 5.2: 

Due io infinite input resistance, V+ = Vs and 

P - R, 
- ' R ,  + R t  

- - R, 
V- - Vo R ,  + R; 

output : 
Gain = 

VO 
, - -  - 

input - v, 

' Af . d - . I >  .., . . 
I 

- ( l + ~ ~ e )  
(feedback gain)' 

To 'understand 1 he effect ..of negative, feed,back Qn closed ,. 

ldop gain Gv, considered what ,happen:if:th,e Op-am.p gain Av. 

changes. dramatically . ., sup,pose.~ecause of failure, the:Opramp is 
- . .  , . . -  , . . . . .  .- ,. . . " . . .  ' 

change. and.while the old .ank..hid:-a.tjljik,al . . gain of -ZOO1, QOD and 

the new one has a gain. of:~20,D00. Suppose also. .that .the . . - ,  
. '  

feed back fraction,, 

If the  connection is in feedback,, the change in the , . gain will 
.. . - 

m .  

not have any considerable effect qn-the. operation'df . . t h e  circuit ' 

(or the output) 
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With Av = 20dd00, we have 

T,he percentage change . in . . *  gain is *,:J 0.45%, which is 
1 . .'!. 

negligible, , compared ,to what &:are . I going io have in non- 

feedback-chnfiguration.. , . (Where-one .might:-have i to.change all 
. . 

the resistors and the whole . . configurati&. I in . -.- .addition , ,  - - ;  to the . . Op- 
i : ,, , . 

4 . . 
Amp changed because , ofa --( ,?- I-. fault . b -. with' it). Feedback configuration 

* I , , i , . ,  
- , ------- I ".,- -,--' 

, :  : ;!&;{: ,,*p 
is important . , because one might not get the exac Op-Amp that is 

- 1 -  '. 1: %!>L'- *-, LJ. PA. !! ! 
;.: ' , * I 

fsulty; ~~.dne~~&*~ndh&fgain.,(4)i : ~ ~ ~ ~ ~ ' f ~ ~ d b ~ ~ k  
- ' I - , '  - . - f i: C 

. . .' .* - 
C '  .- ,-,:: :s. '4- - . L .;.:+ ~cnfiguiafi&~is.,~uchmore~~e'S~rable; . . . . ., , + , . ,. .,.. ., , 7t...,. - . . .. , . . .. . ..,. .. . 

: ... 
'4. 

-. t t  ' . .. 
n-; ci~~~~fi-ten~fofold-change ::,A. kw a-;.-:=. & . - h k :  +? -In, r-- *v.- t h  : @ - ~ ~ ~ f i f i ~ ~ . ~ ~ , h  :results,.only in- 

- .  -'k-;..*i;-'$: ' ;:$ ,? ;>;,,; ? . . . , ,  .. . . 
, ..I . , 

; ,- FI,*. :++;& *. . . .. m.. . . ;;.; 's 

'0.45 /d:-~klin~&:[? . . :the4 cibsdd;lobp gai,n,- Gv, ;a:n,d - v it cat:-also - -.I 'w -  -be:' 
. * . I: . 
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It can be seen from the above equ&im that Pv is inversely ; 
proportional to the feedback f t a ~ o "  a,' fff&ferendial. gain Av is 
very large and4 is not.also very malt, l(th&breimplb that . 

the Op-Amp gain AV has little w no effect on feedback Opamp 
~ g u ~ ,  itonlydependi on thefeedb&ck fmction a. 

. . . . 
' ? '  :i 

Slngk Ended inmrtingAmpli(kr 

gain, then we haye . . , .  

. v:.=v-' 4 ' >- . . 

Since; ?he nbn-inverting input d the-op-amp is connected to the 
. ground, 
then V+ = Oi hence.V- is at ground potential. . 

i + I  = 0 (due to infinite input resistance of ideal opgmp) , 
i, =v,/R~ and i, =VJRf. 
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V, /Rl+  VJRf =.O 

Re-arranging-this @quation to give feedbackgain-Gv 

Gv = V2nl,= -,Rf/R-I 

The feedback gain is independent of the op-amp gain Av and it is 
i.. ,. 

equal to the negative ratio of the feedback resistance Rf to 'the 

transducer resistance R1. 

DIFFERENT IACAMPLlFlER 

There may be time when the signal to be ,amplified is the 
I 

- 1  

difference between two signals, two halves of a Bridge circuit or 
I 

output of two transducers such as differential I pressure . + 

i . , 1.. . . .  . , . 
' . . *.i 

tr'ansducer. mentioned in chaptei four. Oifferential ! amplifier will ? .  

produce an cutput, which.! .._ is . . an . . amplified . . . . . 
_. version _ . _ . . . . _ :of I the. 

d i ~ e m G e ~ ~ ~ ~ ~ e e n 4 ~ O o i ~ a ~ ~ ~ g , P a ~ ~ O ~ ~ 8 g e ~  . . . .. A . .. . . . . ,  *,: ;The&gramZGf '. ,. .I a 
ii . '.'' . . -. 

. . . . .  - . . 
, . . . . ~  . .  . . . .  

d.iffeie,ntialap-amp. . . ~ . , ~  i s  . sh:owo in figu.f&..5!4.. . . .. . Thegain , . . . .  . .  .~G,is,gi.ven, .-. i: . 

as Gv = -RfIRl , . 
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. , .., 

. . 
' . - ' Figure i +  I 5.4: 'Diagram of ~ifferential ~rnplifier circuit 

+ . .  , ' . ' " , r ' 

INSTRUMENTATION AMPLIFIER 
It is a differential amplifier with two pre-amplifier op-amp circuits 

included. The pre-amplifier op-amp 'prevents loading of the 

transducer by the' differential amplifier by providing buffering 

condition. This configuration is widely used in instruments to 

prevent the instrument from drawing power from the transducer 

or the test point. An example of instrumentation amplifier is LH 
0036 instrumentation amplifier. The circuit diagram of an 

instrumentation operational amplifier is shown in figure 41. 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



UNIV
ERSITY

 O
F I

BADAN LI
BRARY



. , 

. Nelson,,. J.C. (1:98.6): Basic :Operational. ~ ~ ~ l i f i e + ~ :  
. . 

BUf:e'nivorth, London. . . 

2. ~ i ~ e l ; ~ . ~ i ~ ( j ; 9 9 6 ) : l n t ~ d u c t o r ~  DCIAC circuits, ~rentice-6I~ll; 

' . New J.e.rsey; 
. . , 

3. Theraja,, B.L. And Theraja, ~ . ~ , ~ ( ; ~ , , 9 . 9 9 l e c t r i c l  ~ e q h ' n o l o ~ ~ ,  
Schand'.' N' ' - ; 

.. .. . . . , . ew;Delhii-. , 

4,: Hug:h&&, mi('{ ~ 8 7 ) ~ ! : ~ , ~ g h ~ ~  ~ [ ~ ~ t ~ i ~ ~ l  ~ ~ ~ h ~ ~ l ~ ~ i ,  ~ a . ~ ~ , @ k ~ ,  , . 
, . , .  , .: . 

Erigland. ,, . 

. .  ~ i.;.. I ". 

5. Bird, J,.O., ,;(I 995): :El@ctti~al. Principles ,.  . and ~eclyo~'cjr&,:-for ... , , .  , . .  
. . 'I . , 

Engiheering,Ne~~ess, Boston. , 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Abbemestroscope, 7. See ' 
Absolute, 22,64,65 
Accuracy, 6 
Accuracy, 50 
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Radiation, 49 
- Range, 33,50 

Recording, 22 
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Scale, 4,23,25,27, 32, 33, 35,38,47,59 
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Thermistor, 51 
Thermocouple, 52 
time, 4,23,27,28, 33,42,4f, 48,62,68,79 
Time, 6 
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