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SYLLABUS FOR THE POST OF SENIOR INSTRUCTOR

Syllaq$s lor Instrumentntign Iltlsg

I., Frsees$'Controlt

l.i Control System: Definition and Exarnple ol'Control Systenl. Marttral artd Automatic Control

Srr,"*,'Cfor. t""O 
""0 

Opcn Loop Control Sysfem, Servo (or, Position) Cotitrol ancl Regulatory (or'

il;;;i;;;;J i;rt"*: P.o."rs and Process Variables, Di{'ferent Elements ol Process Control Loop'

Control sy$em terminolory.

i.? Lsplace Transform*tion: Laplace Transforntaliorr of lrnprrlse, Step' Ramp' Parabolic'

Exponential, Sinusoidal functiorrs; Properties of Laplace Transfot'ttts, Laplace trarrslbrrnalion of derivatives

ili;;d;i; "f. 
r"""tr"", i;irt"i uni Finot value Theorenr: lrrverse Laplace Transform, Partial Fraction

Expansion Method.

1"3 Mathematical Modelling, Transfer function, Process Dynamics and Block diagram

Algebra: f-doCetg'frig of physicat System, Linear and Non-linear Systern, Tinre lnvariant and Time Variant

Sysrcm, 6eneral differential Equation of an n'r' order Linear Tirre lnvariant Sysrem; 
'Transfer function of

an LTI System, order of a system, Poles and Zeros of a Trans{'er Function, characteristic Polynomial'

Characteristic Equatiorr and Characteristic Roots of a Systerrr; General and Srandard form of transfer

funqlion of a l" order and 2nd order systemlplocess; Steady state gain and time constant of a first order

system/process; Steady state gain, damping ratio and natural frequency of a 2nd order system/process:

lmpulse, Step and Ramp Response of a l" order system/process; Step response of Undamped' Under-

damped, critically Damped and oyer Damped 2"d order system/proQess; Specificatiorrs of step response oi

u,.,a"r-du*oad 2fr order System/process, Trartsfer function of sirnple elestrical networks, nteclranrcal

"""!i*r.f 
unJ ,oorional system; Analogous sysrem, Force (1'orque)-Voltage analogy, Force (Torque)-

Current Analogy; Sinusoiclal Transfer function, Magrritude and Argtrments of Sinusoidal transfer functiorr.

Mathenratical rnodel and transfe-r fuction of simple level system, Therrnal system and Pressure System'

Transfer function of two stage interacting ancl non-interacting level process, Block diagram Reduction

Technique.

1'4Controlaction,andfypesandContro||ers:Trvo-position(on-o|l)action,Contintrous
control action: Proportional, lntegral and Derivative actiol'l, corlposite (PD, Pl and PID) control aclion''

Perfonnance cOmparison, advantages, dralvbacks and applications Pneumatic Controller: Principle'

workin-eandtransfer function of pneumatic P, PD, Pl and PID controller, eleclronic controllers using op-

. amp. HYdraulic controllers'

1.5 Control E-lgments: Electromagnetic relay, Solenoid valve, nozzle flapper system, Pneumatrc

relay, pneumatic conrol vatve, lift-flow characteristics and types of valves' Synchro' Synchro as angular

position transmitter, Synchro as error detector'

l.6,.Special .Controt Scheme: Ratio control, Cascade Control, feed forrvard conlrol, Cornptrter

control, Direet digital control, Programmable logic controller'

l.'l stability of control system: conditions for stabiliry, open loop and close loop trnnsler

function of feedback qontrol system, characteristie polynornial, characteristic equatiorr attd characteristrc

roots of a,cjose loop systern, close loop poles, Necessary eonditions of characteristic eqtration lor stabilrtr

of the system, Routh-Hurwitz criterion of stability nnalysis, Routli Array' special cases of Routh's test'

l.g process Instrumentation; Control cerrtre, irs la1'orrt and basic retltrisilos. P & ltliitg|irrrr'

oraphic pane[ilg,'fypes of scale r.md instrttnrents tlsecl in process lrtstruntenlatiorr'



2t ffi\si\ &flb t6
?. .dn*lytical Instruments:

2. I ElectrncheruNcnl Ms$surcnrents; pll ol'aclucorrs solrrti<;n, neccssity ancl}j! ron oI p

Ciommercial

conduct ivity

measurelilsnt and contml. Principle o1'pr{ rnensrrrenlent, l-lydrogcn electroclc, Buffcr solution,
scheme 0f p" mea$ureffietrt. Retkrence slectrode, nreasuring ,t*i*,i*; Elc"trolytic
nre&surem$nt, c*nductivity ceIl. Measurirrg cireuit, whe*tstone briclge methotl.

2'2 Mensuretaent of hunridity nnd moisture content: Humidity, Absolute humidity, specific
humidiry, relativc hurnidi$' and dew point tenrperature, lmport*nce ol' humidity measrlrsment,
Mea$urcment of hufiridity-Hair hygrorneter, dry and wet bulb psychrorneter; Mcristure content, importance
and applieatioil of fioisture,rneasurernent and control, Laboratory methocl of moisture measurement,
Principle of moisture m&nsursm$lt-electrieal concluctivity nrethocl. capacitive methocl.

. 2'3 Analysis sf Gs*esrs mixtures: Analysis based on thermal conductivity of gaseous
nri'xtur€, messuroment of thernral conductivity of gas using hot wire cell, sensitivity of hor wire cell;
Principle of anallsis based on heat of reacrion methocl-esrimation of combustible gases in a mixture:
Analysis based on magnetic susceptibility measurement-paranragnetic oxygen analyser; Analysis of flue
gas (fuel gas)-Orsat's Apparatus.

7'4 Speetro$eopic method: Electromagnetic spectrurn, Interaction of radiarion with maners-
Absorption and emission of radiation by rnatters, Basic principle of specfroscopic analysis-advantages,
Types of spectoscopic methods, Sources of radiarion.

2.6 $ampling anrl sampring system: sarnplirig, rypes of sanrpring, sampling system,
objectives and requirements of sanrpling Rules to be follorvecl cluriing sarnpliing a nraterial/process fluiid

S, Aulom*tic Control $ystenr:

3.1 Control $ystem: Basic elernEnts of control system, Control system terminology;
Mathematical Model, Transfer funstion; Feedback control system, open loop and close loop transfer
function, Errar transfur function, Poles and zeros of a transfer function, Order and type of a system,
Chsracreristic equatiott, characteristic roots of a system, Close loop stabiliry of a systen; Block diagram
and block diagram reduction technique; signar Flow graph, Mason,s Gain Formula.

3.2 Analysis.of Control System: Standard Test signals,.impulse response of a system, Step
and ramp response of d'first order system, step response of a 2"d order sysrem, Transient response
specification.of a second order systern; Static Error analysis, Classification of close loop system based on
rype number, Steady state emor, Static enor coeffieients-Position error constant, velocity error c.onstant and
accelsration ernrr constant. $teady state enor of rype -0, rype-l and type-2 system q,ith unif step. *nir ramp
and unit parabof ic signal.

3'4 $tnbiliry Theory: Concept of stability, Effect of location of poles o' stabilirl,, Necessnn
csnditions of stabiliry, Routlr'Hurwitz criterion, Routh's test-cliff icutties nnd remeclies.

' 3.4 Roat Lseus Methad: Open loop and close loop pole of e system. Angle nrrel rrragniruile
condition of a transfer function, Properties of root locus, Rules for corrstruction of rool locus.

3.5 Frequency Domnin-Annlysis: $inusoiclnl tmnsl'er' lirnc.tiun. Magnituclt: arrrl ph*se nugle ol'
sinusoidal transfer function, Frequency Response, Stntrility in f"requencv t]n,,.1ai,r, Coir,r c'oss r.rver



treqtlsncy.Fhasctrrlss.trr.er|.t.ec1ttcnc.r.uirirtnritrgirt{(.ilr4).P|lasuttilirgitl(l,N1):[]rlt|ul)lrit-1agllill
plrase plat' fil\''l Intl PN"{ li'oln Lto.t. pi,,r, srcps r() dlrr* prlrr pltrr. l)olar l)lol ol l.vJre-(), type-I, r}pe-2
$)'stenl: Nf iluist Stability C't'iteri$rr. I'hco11,ol'rrrtppirrg. crre ire lcrrrent ancl encloserncnt of a poinr by a
close path' Principkr r:l-argtttttcrtt. Nyquist liath. clrirical poirrt, Nyqrrist I'lot, Stability lirim Nyqui:it piot.

3'6 Stiltc Space Modclr Statc. State Varinble, Stilre Vector, Slate Spacc, Stafc gquation,
clonstructictn of stnte space nodel. Transl'er firnction fl'orn state spnce mocle I, Atlvantages rif state space
rnrrd*1.

block diagram ol' measurement system,

rxeasurernents. Ceneralised performance

Static calibratir:n, Dynamic response of

!
4'2 Differerrt types of signals arrd their representation, Definition of transclucer and classification,

Dilt'eent types of transcltlcers- Resistive transducer, Inductive transducer, Capacitive transducer and their
basic principle and characteristic. analysis of linear potentiornerer as resistiye transducer under loaded
condition, Strain gauge, LVDI', piezo electric transducer.

4'3 Pneumatic Transducer, Stanrjard Pneurlatic signals. Flapper *Nozzle svsterr Need of signai
conversion, P-|, l-P, V-I, I-V conversion

4'4 Temperature meastlrsment; Modes of heat transfer, larvs of conduction, convection and

radiatiort. Temperature scales, classification of Temperature Sensors, overview of Temperature sensor
Mntcrial. Thernr0tneters: Classification of Thermometers, Construction and working of glass thermonreters
Liquid expansiott thennometer, gas thermonreter (filleci syst€m tlrerrlometer), bimetallrc thermometer. solid
state temperatilre sensor. Specifications of Thermometers, RTD Principle, types, Configurations, construction
and rvorking of RTD, Malerial for RTD, Signal Measuremenr leclrniques for RTD, Cornparative Response
curves for RTD,2 wire.3wire and 4 wire R"l"D Elenient, Lead rvire Compensation in R-l'D,self hearrng effect.
Specifications" advantages, disadvantages and applications of RTD, l'hermisrors: l)rrnciple. rypes (NTC and

PTC), characteristics, Construction and working of Therrnistor, Marerials, specificarions of Thernisror,
applications, Thermocouples: Principle, thernroelectric effect, See beck effect, peltier effect, larvs of
thermocouple, types of thermocotrple with characteristic curve, therrnocouple table. Serrsitivitv, constructionai

Features of Tltermocouples, Electrical noise and noise reduction techniques, cold junction Cornpersatiorr

Method, thennopile, therrnocouple emf measurernent method, 'fhermowell, Materiai of constructron and irs

specificatiorrs.

4.5 Pres*ure me*sur€ments: Pressttre scales, urrits ancl relations, slassificatior.mc pfessure sensors

elastic eleneilts like bour:don tube, diaplrragm, bellows Properties ancl selecriorr of elastic nriirtririls.
Calibration usingdead wcight tester Diffurential pressure rneasrrrenlent ,Forcc balnncr. rrtrrion b*rlirrrcc

semiconductorstraingauges Manometers: u-tube lypes, weil fype. inclirrccl type. rnicro nrlnonleter. \'ucrirrrr
Measuremefit LJnits and relatictts' McLe*d g&uge. Pirari giurge, thcrnrocouple g,nuge, lror crthqile iopizltiiu
gauge, Krrudsgn gairge, calibration using dcad rveight rusror urr: _..--;{-iii,,":;";..

.t' *t''':' n"<x"' 
*-"-.,'-. 

:,,\,

," .rl.t- r'u .,i;1.,1 t.-i..,l :!,'r'.:i ;'lqli \r\i ,.ri i 7.1i ,1, ;#r& j E)
, ':' ./:!.;

,,.1 :;;f.,;.".'

{. Instrumentatiun liystenr:

4. I Functional glements ol. an Instrulnents, General
Classification of lnslrurnents, Functions and applicarion of
characteristic of Instruments- Static and dynamic characteristic,
Inslruments with standard inpnts,
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{.{ Le*:d n*****rrrmril*sr },le,rd fbr Lele} I{essr}rentnl. Classit'ication of LFfEf Measttrement

Te*trr:iques Eimst ant* ln+iir*c-t nrethc$. C*n.srnrrtion und nrrrkins trf Dipstick' dirplater' llont s1'stem'

tr$bbler. C*p*r'itir* devir,i-" &-rr let.*l rTlerlsurerllerlt L:ltrlst nic lercl urrrge. DP ce ll. lpatl cell' radierncltve

qpe terrl geuss& LASAR, q.p* tran*rJueers Fibre optic lerel sensors. serlid level detectors lnlellrgerrt lerel

rxen*uring insFurarnls- Gam:ns r*_v ehsnrpti*n merhsd. Air lrair m€thod.

&? FlCIn' mf,*srrremt1tr*l B*rnir*lli's eq**tiolr, hy.drostatic lnrv. Pascal's larv. Flo*' through pipes malor

anuJ rninsr hsses^ fl$* mrasurrment (hrough +p*n channel-*.eirs and norches i\'laterials trsed for flo$' sensors'

perhnnen*e *f nraterials" ccnrosien rcsistcrs" erssion- effect ot'\'apour pressure, Head Type orifice. venturi'

*qzele, pitc,l,*bareharacterisrics of he+d r.rpe f}e:w m€1e6. Variable Area T-r,pe-Rolsmeter and its rype. Other

florv *rgter* ?irrbh:e. etr**r*mag*etie. ultrasenic 
"positive 

displa,,'ement. anemomelers. nrass f'tow meters.

**lid fl*x. rn**snrs)ftsfi ts"

;t"t ?eler***rring: Need of reiem*tering. \rolt*ge rslerrrerering, Current telentetering. Position

t* le$rsterins. lmpu lse te lemvtering" Freq ur nc-r rc lem ereri n g.

5. }licroprocessor
I

:.1 nrfinition of microprocessor. different gensration of microprocessor. Computer languages-

msehi** lsngungr. assernbly' lungtrage" high ler-el language. trlenro4 structure of microprocessor. memou'
nrap. decoder.

5"3 S085 micrnprace*sor architectut€ and funetional components, Registers and Flags of 8085,
Tirning diegrnm *rrd *r*chine cy*les, Addrcssing msdes of 8085, Clarsification of 8085 instnrctions,
Pregranr:ming *f SS85 micmprccers*r- additior\ subtraction. nruhiplicarion, block of data transfer. Logical
pmgramrning, suhurtine programrning.

5.i 80ed micraprcce.ssor erchire.lrurs end its diff,erence * ith 8085 nricroprocessor. Regisrers and
i'lags of 8086" memory segmentation of 8086. Instructions of 8086 nr icroprocessor.

5-4 kterfacing *;rd p*ripheral deroices of 8CI8-i microprocessor-DN{A Controller 8?5?, lntenupr
tor*roller S359. Programrnable peripherul hrterhce $l-<:. Pin diagram of 8?55,8?5?.8?59.

6" Digital tle*trouics

6. l'Numbsr slsrem and codes- Binery'. Octal, Decimal. Hexadecinral nunrber s),stem. Conversion

$m o*e nur*bry sJ.lste* ts another. One's and nvo's cornplement number, subrraction using one 's and
?u,'s*$ eornplrment methnd. A,SCII eode, EBCDIC code. BCD, Escess-3" Cray ccdes.

{.3 Logic Sate$- {ND. OR NOT. }$A}\{D" NOR, XOR. X-NOR gates. S1'mbol. Truttr rable nnd
rnath expr*ssion. Univcrssl gate+ realisation of other eates using universal gates. Logic equ&tion. De
l'forgans tkcsrenr, sinrplific,*tion of lcgie expression using Boolean Algebra ancl Kamrrugh mnpr.
fsmbi*ationnl l*gi*- f{alfadden fulladder" substractor. multiplerr'r circuir.
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t^1j:tffi:"1_,-y: 
circuirs* s*& Frip sops,

u'-vn' h,ono u; ; ;,-'.,*.-fi'::ff J#,:J 
iprl op.' n*s i*,*,,

6.4 Logic lamil

7. Ind*rrri*r sru**ol;:s-RTl" 
DrL, T-t-L.

o",,1,:3i, J-K ftipflop, rXQe
n nd co u,r I ers_ .S h i fl res isre rs, ryn.T"ro"ilr,

I

and

Actirc. pull-up .fTL 
circuit. ADC anrl DA(, crrcuir

T.lsemi
artd comrnutr,,ololl-""ior srvilghlt* ( 

^-^'n *rcuir. rurn-on r;o':::'::;::R, rRrAc,cro. tcBT, scR cl
7,? COntrirlt.,* -^ -- j_ ' *'rurqv(E:l tsttC Ol SCR, -'-r " '55sr rr.&

ll*o"r,i;;fili::-Tllil:fiTr,]ffi;isticorscR' 

- '' \7v'\ \-'taracteris(ic' rriggering

lnverler, parallel irr--^_'_,t"trg ' tof€€ phase trvelt,e nrrl"o ^;-^.-,.-',""-' 
r rlree Hhi

roAccanvers,o,'T-*y",*-n *,"u"l:';"*:$;:iiljf:ffi;J::::,tJ]1,::T::;JI[:J#:;
,1, 

Cyclo-conu"n"i rin"-n' 
uu to DC conversiorr, Choppe, 

"..",7.i AC a
conrr*!. 

. ouro*uiTj fc lotor ,o*u* *,*'" 

phase and rhree phase circuir. - "'-*'r' step up chopper' Ac

;;n;;:1;: [fl :'fi ffi 
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8. I Biometrics-i.r-^.r.. _-.

application*, **orontt"t-t*troduction 
and t

::n',* rd u*,i.n ;.ffi: ffi;,Xi:::",[:lF:::"'J:]::l H,:;,':,1:,'0""." 'r 
bi'medica,

eec E"rc 
";d "r;*;;.F;:,::ort",ion 

oracrion porenriar, crirferen, ;;".,:,i::,,:,," 
of tiving organism

surface eree,.ocres on," 
u'*"t'otle theory" l'' ;,,,i[::i:bio 

erec":'- --

msssur&menrs, 
r needte *t*"t,.oa*" r;-,,ffiI;,=tr"ril: 
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8.2 Electrocdrdioo,o-r-..
cT scan, MR"I, urtradiography*'+les*odss 

and reads. x-ray system .,""""-"- ":" 

Blood florv sncl ,1t

colour Doppler. ur*ur,*o"o*tuphy-prope.t,.* 

*no leads' x-ray system' propenies of X-

respiration. 'scope' cardiac ,";uu|:,:'|],|:::t;,:;jc 
urrrasound ,r,'"', 

rav' X-rav machine'
-"re' l.'rsrac pacemakers, cardiac defibrirators, fibre oou"r.,"r,rrasonic 

Doppler,

ndoscopy, artificial
9.Opricat F.ibre:

9.1 Rl profilq nrodes of opdcal fiirr. p^.. .,acceptunce angre- inrA. .-":::-:. ": 
optrcal fibre' Rav rheory 

,

n*'ffi:;f*;i ;ffi:Tx#;ffi;:dT,',",,1 II 
n'rerna'l renec'|'n

nrechanilarrpti..r. 
-;uble crucible-*"tt'oa' 

Fibre arignm"r,, ;::I:t;;ir:rl-#;;:.Tffi
9'2 Fibre couprers, LED & LAsgR 

""'s rPrrc€s-fusion 
sptices.

iillJf;',Jfl,I TX ';'il::i:':::-:I,l',1",;i1?fi-i", ,lj:J:,::.:spersi.n R,
Transduction technigue based on ,n*nr,l,to...obre 

optic sensing advanrages ,no o,l'ot'on' 
dispersion. 

R

temperature, cu*e't- ".,r.- ,,]..,]', 
trttenstl} modulalion, posit' sadvantages ot' Fos,'--'r|ol.lsensors,Measureqq111o|pressttr.c.


