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MODULE

RINCIPLES  OF ANALOG TN TRUMENTS

= The advancement of Sciente

Thshuments.

| Elechical & E lechonic

K%Teth- is de.?endencli

| ngA ess in mggégrg_m_e:nt__,_jsebmqrgeé;_,y,,_,Af

—| The wveasons for chis obvious. &

= As Scence & Tech move ahead , mew -phenomena and elationships

_ave  discovered and <these advances  malge  new Aypes vof IpAneuterients |

_impevadtive ( Gucial part ov vital Importance)

= New d'séowmz,,,,,C‘,',',g_D!?tiq,,,,qn},,mgﬁ.c&[,_gﬁlif%e_ unless the aesuits

_are backed by actual measurements.

- The measuvements . mo_douwst , confirm -the vall‘di—né_ of a ba/po%ems but

L Ugo  add e jis %d(‘f?tﬁ@di@%,m,

—| This vesurds  n an,fungndﬁ:ﬂ chain  which leads 15 new disctoveries

that vequire. move ; new and Sophisticaded  measuvement techniques-

tlence  modewn Geience & Tech ¢ e associaded wsith Sophshcated methoels

, of measyvement’

= Theve are Awo major funchions of all brenches of engireering

l) Design eof equipment and rprocess:

Both these mequive measurements:  This s fecanse dmoper aud

~eeonomical derigh., eperation _and mafnianance vequire a feedback

| °fF information L (Raniab o saNSie
J P‘-d«;zf a wvital oY ,‘,53',{,5‘#!!_{&5{"_@.,
_geale & ®hbjeckives | _@}4,__%%19@%&%}% .

Informachon.  apphed - oy

’lIC-"‘ surement e

_rbecuuse

Jole ?Q,,QC,}’HGWW%
{

- o he  feedbeuty_
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Fereors I MEASUREMENTS: . 1 alih Y —

" Measurements done in a labofccdvrrj oy ot Some other Pace alwc«F =
involve eryoys - No  measuvement is free Hrom erywovs i

- If he | precision of dhe equipment is  adequate , Mo madtey yshat o

is accurgcy %o @ dl‘écfﬂépanuj (Vavations)  will alwouys  be obsewed
between o  measuyed  ~esulis: j

- Since eTYors ave wmust n an7{ mepsuyements it 1s ,,,?mpefrafh'v¢ e B
interpret= | the esults o a uantitechve  measurement in an intelligen-®

,‘,t mannev- OSINIT L) 2450 ' s

- An undevs{fmc{imj ound ﬂ'hovou;gh evaluation of evm¥s ie essentiol =
 —Ne measurements —that can be made  with perfect accuracy  but it s
s tm Povh’m‘t o »fincl out what aduracyy acwallg is _and hotd -
| diffevent  ev1d¥s  have enteved inte the measorenent: &
} ~ A study of evyov iis a fivsk step m Hinding. ways to. veclute +hem.
,! — The evrav. ef an: inshument . (5 the calgebyaic - Affference.. behoeen
| the obee wed Vatue and  dhe cue MNodue of the. quanhiy be{r‘;slg
lswfdf?_A'r@(’} ¢ B ¢ ! . e
- Tue vowe & The Heue vValue Of quanhiy to  be measurec| may

e deﬁ'ned as  dhe am@gﬂ "Qf an inﬁnjrc numbey of aneasuyed ~_
vodues  when  <the avaux%;. deviakonn due T wvomous Cf?ﬂmbw’fi"@f ;

fador 4dends  to  xero
- Such an  Tdeal Siuahon is impossthle o Yealise M prackice and g

hence i is  mot possible 1o detexmine the © Tvue Value” =

e e e i il 0 N



- Evvovs | may  be expregsed either as abscute o as fPercén&a%ﬂ of

eyYor- A 24
- Absolute Evvpry ' Tt maj be d,e,,{ma,_cl as_he diffevence behween dhe

éxpec-;ttc,) vYolue oY dyue value od' he. ~vopable or Ahe measued

or _obsetved wvawe of he varvable.
e= Yn - Xn
wheve e= HAbsolute exior
Yn = Expecﬂd value
Xn=  Meastured vatue
/o Evoy =  Absolutre Value 5150
E)c?e&cd Value

= e
S e 0D : ;
n -
__Thevefore _ MeEooy = \fﬁ__?fﬁ] % 100
Yn

(It is _move frequency expresced: A Actuvacy Tather than emoy.

i Kl Loog Xo
: Yn

_ Wohere & s the Yealihve  Atavacy o
Acuraey 15 expressed .as. % acuwawy o
_ Q= 100 e — } % evow
s pAX lpot

wheve a 1s <the /. acurayy

e e o i i
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Sourtes | OF Errok -

o ﬂsuﬁAQth '&nowledcae of process parvameters and de?igzn condlihm
- Poor 'DeAeian

Chang.:_ n PproCess ﬁammeté‘rs P ineaql_qriHQ, » Upsets efe- -

Fooy maintanance-

- Ervvors usged b‘[ pevson oPem«ﬁr\j e Inshumenkt oy eqm’pment.

- Cextain 'desian limiretion-

Frvoy may anse  Aon Aifpereent - Souwces - and e Usually
U ‘ U
setlaed as tnde 3 fats A TaTE .
- (>1R06s8 ERRORS

VYSTEMATIC ERRORS

LANDOM  ERRORS:

I C-wg- (3¢ ¥ ar \‘. S

~This class| of exvous mai’ntj covers hu,mem,,mfﬁs@yé_in,J@dfnﬁ,,inshumem‘s/
, ’T?LCTO‘I'ﬂa ~and_caleulating measireent Teoults: = ¥
- The mlpmesh%liﬁ of the  mistake 'normlbj lies  with the expeaimentes -
The expesimenter 'nrm% 840»906 _mieread the Scale:

—ﬁﬂ 6 He. may due 'toknvuetﬁht atod M depvpocehde ax BLSC
! Cwhle dhe  aciual ;reo.dmﬁf masy be: 21-5°¢c .

| He may ,drnns[ms,e,,ﬁfi;,ﬂg@nﬁ _ wohile ’Y"%!'—‘?Td,‘")ﬁ, as
/f"fd He mc&g acad 258 ¢ ond aecord 88-%°C

¥

ol A o S




" So W as long as  human bei%%zs are involved gome grogs ewors may
T q ) d

,_dgﬁ‘ni&cyé arse:  Put %D%b compleG  eliminaction of gross eviovs Z i
?wa im?osy{b'ftL one should fhﬁ'_‘% B anHoi"lpedL and ¢orvect them -

‘”Batmca«l.l{ir the ?n‘n\: anse here i gvme a}cos,a exrovs  are eaeil& detected

) while olfiers may be difficdt 1o detect

- Glyess  exrors ma% be of an%] amount —ﬁ»e_refw& dheiv  mathematical anoubggmls
_i5 Impostibte . Howeves dﬁeﬁ){ can be awpided b% ad;e‘ph‘ntqrrm means

"TFmé Cove
o CTNCL-GMQ Showld be detlgen  To 'readm% and) mmdigg dhe data

| 253 & eveh more numbes_ OJF fnmd;r%s Showld be —raken }E"Y +he >
. qggqﬁfa undes. Mmeagurcments -
*""ﬁesgﬂefu_mag_ghw be Halken omkemb% by different experimendes
1 g U 1]
_and dhe avadinge Showld be taKen ot o different vmdina* Pont 80

as Yo awmid fre,—-reaclim(af unth bt Same ey

o MQ&“CqmmmUi YU e aLu:a.gé'S adnsable 16 quﬁ'L ,Qa.xg‘— numbes aa]z
vfamdmgb assuyes  thot "nogccrvs orors ~Pas  been  comntl Hed .

SYSTEMATIC ERRORS.

These AYpe of emors one  divided Tato A
R ‘ °.
ST :_j}\sh’uma\ba_l Exrors. Ernvivonmentcd) Ervorys Oh&a:[:[uah g
? Eavrs:
| S Tnhevent shint—

Cornk)ﬂ,g @f Tnshuments - 4

| L\ Misuse of dhe
o ’l A
iNnshume « 4

v hoading offects -
7 (J "




YSIEMATIC  ERRORS = A systemahc emor (an eshmate of which is
(5. associoded with +he ot dhat o

known as.  a measuvement hias)

measuved  valume  contedns _an_offsek’ 5 sy

E’ YY07Y5

to B main  veasons .
inshrumént oo

SIYUry (y&ﬁ{‘

i:-—\

These | erovs . amse  due
th Due 1o inhevent shortcom ings in_dhe

0)) Due to misuse of dhe inshuments i

(i) Due fo looding efftds of inshuments: ... . -

in the mshumeats- ...
_insument because of pelr

1) Due '«l;_ nherent  shovtcc I[\U"qf

These . €N0% s Inshraments  ave inherent in_

mechanical €hudwe- .
-’W«a maly be dus to conshuchion , calibmhon , opercthen of —he inshd- ®

| :
meyts  OY . MEASUNING dexices and wth this  ppovs Mﬁ,@ég Adhe

inshumenk 5 yead oo mgq_m_ﬁbo.,,bziﬁh,,,,,,-';,, gl . S S i
)..0L -2 - ’

yoduung conholli

—ﬁn@g 4 _dhe srbmq (us
ent mggngt mgh*umen‘c has become weal he inshument il glwgﬁé

~ Envors mwj be caused becauSeoﬂL Arichen, . hys texams _or even

?@&T baklash [ I+ s a clesvance or o mohon 0. o mechanism

caused by gaps behoeen the (ams]

While mahin? predgion _measuvements » we must aewgnize the

posality  of such ermvrs s it s often possible to  eliminate ~them

or odleagt veoduce them 4o g&mk ex)ent”

o



*talibvahm ° Tt 15 a Pprotes of 4inding @ velakionship

(2) The | procedure of measurement must be ,,,camﬁgl%,,@mnad; Gz
Substituhion  methods  or  cali byakien _agatnst standards_may he used
for dhis  purpose AP}

o (0 Comechm Jactoy howtd  be applied ofter deteumining  the mshumental -
YYOYS |

[ Comre dion eowy fatkors - B fackoy chox is  raultiplied with dhe awoul of
On_equation o Comeck for o Hpown _amount of - Syskemahc enors]
™ () The linshument mody be cm-?:al\h"r@@al,cma{ul#ud,_ﬂ__ A

1] Misuse of  Tnswuments o ooooin . odb o vioie e ;
' - Theve is an old suying dhok inshuments ove befer —han dhe ‘people

whp wse Ahun-

= 8o _4he ewovs (aused fn measuvernenks ave due 46 dhe fault of the
Operatpy than that of dhe inshument . ..

- A fjood inshrument  used jn*,uninjﬁuf%en’rp manney _may give rise ts exrovs -

= Use of impwopey prachice may net (alise a pexmanent damage To the
msWument _but are most likewy to cause ewors: . ¥

Conhary to [bppositc grmuduQ,U«b! _oppesed]  manufacturer's  inshuchon and §
Specifitalions  tohich in _addiben leads o groduce  enprys thoat causes
permanent _damage 4o dhe inshumen® as A aesult of overloading and

vahmﬁntﬁ that may ;A‘!:hmme(# uuls  in Aailure. of the inshument
_and Svm,e,Hm,eA,,,,éq,smwjbgﬁ, o o

"~ Theve _ave some cevtain il prackices lihg-,,ufia? _dhe inshumends




P

il Koading Effects R |
= Ope_pf_the st tommon._enoxs Commitied. by . beginners . s <the

impyopes  uge of an inshumenk fov measurement wovl.
for g a well . calibrated . volimeter moy give a mideading
Voliage ~veading _when tonnecked across —a__high ~vesistance creuit

Example | A volmeres. hawng . o Sens Hyity- . 6410000 v ceads

/

o Ws 150V scale  wohen conneded acess an  unknown

[

uistoy In Sedes  woith . a. mudb-ommetes  when the  mwtiammeter 8

yeoold  5mB  Calewlats '

= .

Q) apparent ~esistance of dhe unknowhn aesistoy. VML

b) acdudl = aenmstance = OF dhe  unknown aeistor e{A

©O _er due o dhe loading efteck of voWtmetesr.- 0
J

 Giiven . Vq (_.’foia\,\qu'ﬂﬁ@)_,; AROM L b &
T (soted tunvond) = Sl o o g e
“Totnl elwrul akenstENCAI 0 AT Y st oo s

S0 00 mas Taan Ll ogtar™ A
5X1073

T Q0K

Resistance od" YDlhmetes
R= loocox 150, .

= 150K

Unknown Yewmstan e

R = v Re Ry
Rv-Rr

4

= R0 X150 = JA3-0Ft K
150 -20




Pexcentege esvoy = measured Vowe -vue valde 50
| | true value

= aoi,?51‘?:’1 % 0O

23073
= - 1238 % |
Q&Fwiha to the Same . example uith dhe oillammem neads
800 mA and vedmerr n~eads 4OV on it 1BOV scale then
Torad  Clyaudt  wegistance
fr- A0
goox\o™3
= 500 : : stis - 5k
Lensrance OCS vo el : ey 7 «
Xv= 1000 x 50

R .. I " ¢ O

WUnKnown ~egistance Roe= RiRv

= 5ox\50X 103
150X 16%- 50

=:.D0:-0}%F

i 4 - o)
. 7 Pe/\cenmaz eyror = 50:0 50013 ¢ It
- ‘ 50- 019
= - T0-034.

a ~ Therefore emvrs  Caused b# _Jaoodt'ra 7@%&45 0 dhe melzie ecan
be aboided ol Uett] uﬁ,ng “them ‘?malf’gmna-

So fen Qﬂz LShen m@gsqn‘na a bw aqepnstance by ammetes -

J

) W

voimelex. methocd a vouWmetes ha\r?’na a va,\/&_f hig)q valye of




e ———

aesistan ce shoujcl be uswl LITeNT. LA

“IF is | malnly preferred o Use dhose metheds cohich

oesutts in_neglfgble ov_no loacling_effects R

‘ruror.m(ﬂfi Evvor . v S

- These _grovs  ave due to  condihns extencal te dhe measuring  ®

_Olevice |including.  condihns  in  the avea Suwoundinc} the _inshument: o
“Effeds  of dtmp. pressure, humidity, dudl vibrabms or of external @

_magnehc or elechostahic fields - .

Measuves 4@,,,goncn'der_,and_e,mjp\gggd.__;soﬁ as to eliminate  these
Undegivable effeds oave * A L S S R
) Avranc}emenTs showd be kep% as_ me.grrgs_ijQM Omd _as ctopstant
Postavle | ¢ o o v laggs DSEXO@B -vE 0 -

Fo_[_% Tem;)ej.afu're can  be kgpt consEnt % Keepmq dphe
ecquipment fn_ a 4emp-  conholled enclostve.
2) Using .equupmmf _wohich _is__fmmupe _{not \mble) o these @ﬁ—eub
foeg:  Vamarions fo_aesistance coith demp- an be minimized
oy uging _memstonce _mgtwalsﬁmbi.ch;ha_v_aakx%_lqw;rms@anca
temp coedficient R
3) Emplognnq fechniques  which elimincde he gﬁect of thegse
distuy boances = , ,
,__ga The effect. Qf hQMlO{H’% oust ete-- can be anhreud ehmma

ba heymehcai(,v Sealing She equipmentt: ... .o . oo

_A) In case Tt 15 suspecied thod . @4unal . magnehc. or elechosteh'c
_Jields Hhot an efject  the ’readmc%s of the insWumenys [ magmenhc.

07 elechostahc  Shields:

.I | |




6) App\g{\}ne Compqh‘;d corye Chons-

Obsesaobonc Envors

——— —— ————  —ceeeco———

— Theve,  ave mom\j souvces of Obsewokional ewors Hor an example
dhe  Painter  of o voltmeder  Yasrs Q{iﬁhmd,above dhe  Surfce of
the scale: Thus an ewor on . adwount of pay PARD LLAX il be
incwred  unles  Ahe Wine  of vision of dhe obsawer '8 ex,am&
above. | the {)oﬁ’n'h?)b %

~ To minimize pasallax _ewors h'\%hl,«d acedL  meteis are pmv’oko,
with, minored sale-

- We can  eliminate.  ~this  evroy bU ha\nmj +he _painter _and dhe

Stale in The same plane: E
~ Human fadows_Tovolved in. meosurement the sene¢ing
Capabilihies _of individual obsetvers affects dhe accuracy of measu- |
vement No Jwo persons Obsewe the same stuahon $n

exactiy the . same way. wheye amall  oletadls.  ave  concerned-

% “Theve  ore ObsSewahoned pyypys  in _medsurements va\V\rlﬁ
’hfﬂ\)’\@- C),{— [’\n eue n"r [ une i‘ﬁr'\.‘\_;.,{iuk A m “.yq-;‘ 1€ ( " ﬁ‘jf AN Nna ' LC
1T i‘ ‘(“‘_'l Yé (’f‘! ‘(» '\)L;{Y"_} X %5
Htevent expeyimenters m ay broduce  different aesuldds esped all
' gound ina . ligh* measuvrements — are. invo lved 8ince Mo
( CAD E LRVEAS ?})gxﬁ;{r’:ﬁ Thes, -sSame. l)l ;L% GV ,,:i,‘;;\*"ﬂ‘i\r‘j 3 3t

In ovder 16 avold Obsewabonal Ervors

- Modemn cleckricel Tnshumends  hawe cligited chsPLaﬂ o{» ou:&pqt
which co_mp\e&eta eliminedes  -the exvovs on accourt  of human
ohsevahmal oy sensu'nc] powers  as  the owrputr is  in the
form | of  Aigis.




- KAanpoM  ERRoRs-

- Theye has been cons’\s#cn-\ﬂa —f—punc] “hat Q)Cpgnmem‘a)

Yesults | Show  vaviahen Aom  one _veading 15 _another

even _ofter. all Sysdematc  evors _have been accounkd HJor:
Mainly . -these evvovs_ oxtr,e_,_gge:_iﬁ_,_ @ mulbidude of small @

~)‘m;hws, which c,hamgz _ov._Huduate Awm  one  measurement

15 AT o asusiads Taab cda g S DRI L
— The qmanhhj bemzj meqsumd 15 &ﬁ»egcd by many disturbances
_thoughout the  universe  which  ave  alwa Lgnauzfm,,, s
. Henee 4he  distuxbance about  which ave unawoe  are lumped g

- ’*Oaﬁ'rhz;v, and  caled "“Random" ov “Reviduod” ervorxs:

~ Since _these evrors  vemadn even affex  he systemahc ewors  have
been 4aken cave of or gooper  measuved  sieps  ave tongiolereo e
though | we QU -these emprs ove called sondom erovs

Ex ! <LRandom evopr

A S’pﬂ'hﬁ balance. might show vanahens Tn measurements olue to.
fuduakens  fn demp, condihen of loadm&_@g qnloadma

r\m\hm{ Erro ~_OR Cluamnh:e Enos

- The acqu'rqc;d, _and  precigion  of an 'mfsjjrqmml— olepenols
upon it design | <he modesfal used and dhe worl that
goes Tl making  the inshumerts. "

— Peshaps an inshument used for an apphcahm a@quinn@a

high | degree ocouwacy s that, hos T use . expenvive.
matetfat ond . high  ekilled vorkmanshp

e



_ thus rhe

5 conidaing,

ki Jutt sesle

Eres

= The leconomical  pyocduchion

Aimn{4s.

e,

msmmmt veq uiyes +he B
“omatenial ond SKill |
Mmost_of dhe Nchument  +he acwmuﬂ; s %\Agm‘_&ed t5 _"
_be wfhin A cextaun Pacentage of Hull swale ~eading

__manufaduvey has o speq-vﬁd +he
the nominal  value & a r}bafrhwlm, c;uanh‘kg;,,,. e M e
— Hence ,@g_,@@g@nfage cohich shows the deviahon of a

YQQQ@;%#&DM‘DS,QP?C"'{‘;\'@C? volue s called as limih’nj enor:
OoR-

of any
desiamn
(@]

__froper choice of
1

e R

devaheons fom

The. lupfrs _of deviokons ,\?mm +he gpedfied value is —euved as
/hmmr}?rws&, o1 qqmnjced oAV

g@; :D[; '&he, vawe qf a Capou,f*o’r SgpecHgiQd % dhe
manu;fac'hnﬁ & 4-FMF  weith a Jolerance % + 5% -dhen <he
actual  vatue B capacitance is %framlczol 146 be within “he

-—
-

c= AdAuF 3 (57 of L3 MF)

C= ALdMF 4 0-235 MF

¢- 4A%B5 UF & LuesMF e

other  example whae dhe manwfaahm mcU,-L
Qqumd‘nat 4n _inshument 15 accuredT  usith 2/ Of
e{[e/d{dr) oding. s wwamced T be whin

. 4 J?”H\‘W
 dhot ave less f-l'han the

‘(\mmnq enors

acusjmﬁ/ yeadf ng Bur for maoln:gfs
~he

3Cale, a!wn:ad

G

Tnereages:




Thus “he  value o('- \\'mih'n% eYwvoy 15 ma#hernaw'cam} ef;cpmsczl __

A A= Asx SA ' e

Livoheve - M= aefucl Ok due JlWe, .  oai%e, o
cni decamun Mes | Specied or voded, velwe 4
Sﬂ 2 lim‘fh‘r\ﬁ 2XY0Y aYy Holeicnce
ISETECEE S e o 200 SEonKe. . . )
LiMITIN G ERRORS e T

Y bl it

Rela hve \'}mihrﬂ Combinanom.  ©f Buonhnes wirh
EvoY \ Lim\Hnj Enoy

>3um of w0 gquanhbhes
X 55 e

i ‘ v__f_ﬁ___»__»»_%_Piﬁ_ejeﬂge_ of ~4wo quanhhes ™

W on o B> Paccluck ot dwo quankines
) 'Y Dlvisn of duwo quanhhes | g
ﬁ L s> Power of. audacror

Combinalhon of BQuanhties W iHA LTm’ahﬂﬁ 12

s b MK 3 Wl B >y 2 s 1
- Sug of dhe dwo quaghries: e P > 5
et aNand b bejmru_lo}uanmm Shot ove m,‘b‘ obrstin

_<the  yeoult\_as i &
et dhe e _'u;?aﬁgmw L PN Y

eiape —t iy s ot K iy S Sl XA 4 —
T e § S, I W -+ e




— — S

~ An ana’oa inshrument device 15 opne in wbich he ouwtput ov . dasp[auj
i a donbhnous -mech[m of fime and beays a constant velahon  te s
input 5 3 ¥

iION J"ﬁ“«&,{f.“g TINSTROMEN TS

The armtca inshuments maﬁ, be classifjed actording {5 dhe Fuenbry Hﬂj
measure - \ Fioy
for a;j‘ HAh inaHument meant —ﬁy measuseirend- of, cunent 1o ,C,JOS/“ZFU” RS

an  BHometcs.  while an  inshumene dhat Mmeasuven Va&mﬁc i dwd ad

Jetrmet ea 8\:‘;}&&1@3{ we hawe  psameders , ’f)gwu%ﬁ(% meres ,%r‘ﬂuﬂ!)hﬁ

metis ete- -
<
Wog | inghrumen {ependt Sy <Thely O e abBory o gpe. ef dhe mand
L4ecli | produced -Hy \Went and velage and <Thue pidusd “qfw‘d‘ Cfrice s
| 1 | || 1
{ {/ 'y, rv
i LBt lanidiea aceoraling tc which. ®©f dhe ekject 18 sed ir WDIMNMLg

C et ‘ JdnNnshumenits:

v Ma.afnehc Eﬁfa/t' Ammelus, Neltmelts , wsatmetus

‘t’nkﬁ(ah'ma meters -

_ - ﬂeodmﬂ Eﬁiw: Ammedes,  Veltmelas € vocdretus:

- Elechostahc Bﬁ'ﬂb Veldmedus -
- Induchmn ;Effcd: AC ammelds . Vobmelas ; wathmedus
bt - , @&% mMelels -
- Hau | Eﬁlect Hux metus , ammelas €
(Po'fnh'ng Vechsr  vwodhmert. -

¥ .. . b ‘ “A /A‘ 4
ki B i it S il AN ¢ 1 faE




,'ﬁvf\al})?? . :_Tj\ghuvnenﬁ S AR C l@:}i( Qd as R i h ; W
\ > techpmecha nt La,) 'Tnshmme n\s

r___;,:ﬁwc\imhch ST TSR ,_ 4] . Lady

Ly Elechonic \ Inebuments : vl
N In 'yé?rah uﬁ, .

Indicating. Tonshumentx B BESREPRTCCO T

jf‘sh'ur\rjwenlg which indicate <he vmaafmiude % %uan,hLLf bar\a rhammw’- »

T -W')ﬂa, 3,2;)&&(],5 ma,kre  use % a diad and a gf)o'mfo/?, ;fcv s Pu?—;bose —

~  The apaloes .md\cahn%,“ (hehytimenlz mﬂdL be diided T Zg/bw}as ...
. Flechomechanteal < Ynshumernte o,

* | Elechonics Onebumendb. o tc gl o0 2l o cdeg e

In ﬂ’.i«ahngt Inshvumen T T T T e syt e T T v T N R

- 'WWJJe mshrumenLi *h:h:dn?a evenk &vVer a gpewgec} '%@Luod oaP e 2020 M=
— The gummeaon, pshich e}ﬁ,,ea,,,,@gwa_ s A %w_cwctoa;hmcand an_
elecmcal | qucmhﬂa, Hor eﬁ, Pmpere hour mekr , T“e*%m&lﬂ ot hr)

Tn’rcg,«ahm _ summattion valwe ) ?enem%f,,%ayen, %xﬁ & veglster

omm:hn& Lo Set cag,,,@,,,,#mloi\’:!ﬁ,, angd dighe: . 4 a¥3 0 samgenll T

'\aordnﬂ  Loshaaroents ~

- I3 ﬂ“’% a CenbBnous ’nzmd oal dhe ﬁuanh% ﬁ)ema, ”Ea.su“&@) Oves = o5

a speutmo] fowoc' eaaataserana il L e . N amidd  Liodh - O
= The vanab on oﬁ Fhe ﬂuanhb'%r %e@a measum‘:d arc y@@'d@d %-& a

P fatached 4o dhe movm%, Ssyatan o4 the nshument the mwwg,




&;thm = GT)@!_O\JT?Q} ba +he Qu(aﬂh-% b@nﬁ, measured ) on  a speok

<9d Ybapu, %ﬂ(fd of mon‘nﬁ-

Foy @a Ne. mcud, howe o mw‘rdivtg( wedmeliu N a sub-stetian Wl
'f‘{fuf& __ryecoyd Od the variahons A% sLufp(,t/jL ml’r%qtumwﬁg% cia@-

fforence  Behveen dndicat ing & 1 | negab g Anshuments

indicating I ff;t-muza vz Inte Guahwg 1 netnumecth

jndmahv\ﬁr fnmu\mewh’i ave thoge & j,}’\%ahv‘?, s humentz

which  ndicats, w\_aamjhxde, sd g ’fo«ffauBc VU syer oo

quauhmj ‘\bé/!v\%r mieantrred - $§)eu<p(d /j:mod o(f Hme -

2° 'Wm'\d ave f&(huaua( »mo,l}\g use 2¢ The summdtion woRich ﬂ@xyzr‘
‘Of a dial and o fm’n-lu ]C,,, this 84\/\2 8 the fnoduot % +dme
fuq)osa eﬁ voHmetes , ammetes and elechn'cal c(uanh‘—rg« —ﬁrreﬁ
]C”LﬁUQY)LAd wetin ete- - Amphoe haw enetee EMW metzr
CSsepnhals . __2f ,,__lj.t..!'-;blué';_‘(i.v’mjj% A humedls

T ,‘ &4 ,'J‘ff"'fib!-l.‘;'i Q¢ needed 'IF-Z) thé  Sahc pechivy  Sboulwnm of

ndicahng  inekavents
- D@ermV\a ‘ Tme!ue,

- Conmllfnﬁ Toque

— Pam p;’ng “lrque-




1) Defleic fing. . fevque- .

= The deﬁfchnﬁ Fovque _is _wequived Loy mghﬂﬁ,_‘f?vé,jzsf%@,,;f@m e Reto
Posibon. B TTTNOPURAE PR S ST, RSP o- SN UUUMY PRI

= TJhe_sqfiem dogclucing. dfe. Aeflectric force. _is  cated dergf{e,ch'_na{/_,_ cystem
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_pivored _on jewelled beavings:

|~ The oils _move Afreely in the -field of o permanent magnet:
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omd -the | fm@wma o, moves «bﬂbm “dhe weaker oudude the (0% L
o dhe S\mmga, tuud ivuide  fE et in otha words, tRe noviug iron |

| 15 attracked §n ,

\; - The Lenhou,lmg, torgue is fmﬂ'o\ed bat s(?mma(s Hut %sz’?’ra enhel «

_cam e used %ew }>ane4 ;t%?e eot Srubuments  whida  ave vu,hmu%

meumcd

U Woyes &

Ma s j’monded J»d mr»fine%om with. the hel,f ilma b?‘n‘t

alunaint URA “f?»?—tm Cm*achch t dhe wow Axdka}
fn o «tpced chawdoes  closed att one ewd «me,hup

| 95 a vame (aftached 4o dhe ,MO\{UA% W3




Movmq “Tyon

- dn he fxepu,lshm ype; there aye two vanes inside the COfJ _one fixed
and othey . movable- o dpv ot bled cog s ,
= These.are . similanty maﬂmbsgd When dhe curyrent Mm;ﬁh “the
eoil and  Fheve is - a fowe of repulgion behocen sthe 4uo Vanes Yerulting in
dhe movement of dhe cilinodady VARG wiGh . i Goutou b
’Two different. dm’ama are. _in (ommon use: .
() Radiad Nane Jype - 2t astwinwc g O augd
-~ In —his fhf“za 1 the vanes dre 7adial sjgps Oy jhwon
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be used in vewncally mounted Snshuments: :
~The damping Hovque e pwduced by ey fichon
= The operating magnehc. dietd_fn_ monng. iron_inshuments s veuy
Weak and Shevejme epLdﬂr curent d&MAAuP]M_ﬂ is mot uned 0 dhem
o ToWeduchon of _peuwnabent magnet  7eq- fa- eoLd&, curent C
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ﬁ_‘ Explain  MI Tvon Toshument jg wunpolarized Gnshument:
- A pldv oY vane of soft xon ox of high permeabilihy sdeel forms
the _moving _ element o} slm . This. ivon vane s so swiated <thad it
can_move in_a  magnehc Aield produed by sthimory esil
- The ceil 1s wvent excited by -the current ov voltage under measuremeitmm
= When the il is excived it bewmes o elechomagnet and -the jron
Yane moves {n such a way o an o increase the fli of elechomagnel-oy

; - This i6 because <he vane mMmes 1% octupy. a_poxihen of minimum

relattance thaus thu force produiced s aﬂwa%g In_ouci divechon
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under  +he deﬁech‘ng torque “Td- Due to :uth oleflechon Some mechon-
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| £ Mechonfal wmﬁ Td dQ = 3bl |

a- 'heve will be a change i dhe enegy &Jbved in_-he maﬂnehc |

fiele due o change 1 inductance: i
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@ cclucance hence the fore b alwews in Such a divahom So oo o
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_and  the dare of change of mutual inductunce:

For AC operation: In ac opeabon, the fofdl deflecing Horque oves a
agle _must_be obitined by integeaking T ovei one patiod
Mw@ﬂ deff,e,cﬁng foque  oves one_‘,qj,,cte,, s

- . "r - IS s i
T 1 (T. dt

T
o

| T=_Time peifiod @' goe cftie |
~Jp oo cuments  ave  sinusictlal and  displaced by o
Pphase cma&;»())ﬂ —then LS
’l? Tm,sin ot , -
_Tm, sin (wk - 45) S

) ,Td;_,_Lj e 1 f Jom sinw t . Tm, S (Wt - 47) dw)
& T
0

g ) 2 ; o A ) .
'

o




= flmiden | cosd o0 L g
2 ae

aoe o C°5¢__Q_M
ole

_whete Ty, T, ave -dhe yms  vatues of  fwo cuwents a¥d as -
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i,igaa mome Lir Wadtmeles
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____The; powes  in single phase ac civeuit 15 givenby
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GQALVANOME TERS

: P&%al,ygoome*% s an inshument used for g the.

dpr@sence lef small cuwents or ypttages ) a circudi or
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