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Chapter1-Static&DynamicCharacteristicsOf

MeasurementSystem

Theperformancecharacteristicsofaninstrumentaremainlydividedinto
twocategories:
a)Staticcharacteristics
b)Dynamiccharacteristics

a)Staticcharacteristics:
Thesetofcriteriadefinedfortheinstruments,whichareusedtomeasure
the
quantitieswhichareslowlyvaryingwithtimeormostlyconstant,i.e.,do
notvarywithtime,iscalled‘staticcharacteristics’.

Thevariousstaticcharacteristicsare:
i)Accuracy
ii)Precision
iii)Sensitivity
iv)Linearity
v)Reproducibility
vi)Repeatability
vii)Resolution
viii)Threshold
ix)Drift
x)Stability
xi)Tolerance
xii)Rangeorspan

Accuracy:Itisthedegreeofclosenesswithwhichthereadingapproaches
thetruevalueofthequantitytobemeasured.Theaccuracycanbe
expressedinfollowingways:
a)Pointaccuracy:Suchaccuracyisspecifiedatonlyoneparticularpointof
scale.
ItdoesnotgiveanyinformationabouttheaccuracyatanyotherPointon
thescale.
b)Accuracyaspercentageofscalespan:Whenaninstrumentasuniform
scale,itsaccuracymaybeexpressedintermsofscalerange.
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c)Accuracyaspercentageoftruevalue:Thebestwaytoconceivetheidea
ofaccuracyistospecifyitintermsofthetruevalueofthequantitybeing
measured.
Precision:Itisthemeasureofreproducibilityi.e.,givenafixedvalueofa
quantity,precisionisameasureofthedegreeofagreementwithinagroup
ofmeasurements.Theprecisioniscomposedoftwocharacteristics:

a)Conformity:Consideraresistorhavingtruevalueas2385692,whichis
beingmeasuredbyanohmmeter.Butthereadercanreadconsistently,a
valueas2.4M duetothenonavailabilityofproperscale.Theerrorcreated
duetothelimitationofthescalereadingisaprecisionerror.

b)Numberofsignificantfigures:Theprecisionofthemeasurementis
obtainedfrom thenumberofsignificantfigures,inwhichthereadingis
expressed.Thesignificantfiguresconveytheactualinformationaboutthe
magnitude&themeasurementprecisionofthequantity.Theprecisioncan
bemathematicallyexpressedas:

Where,P=precision
Xn=ValueofnthmeasurementXn=Averagevaluethesetof
measurementvaluesSensitivity:Thesensitivitydenotesthesmallest
changeinthemeasuredvariabletowhichtheinstrumentresponds.Itis
definedastheratioofthechangesintheoutputofaninstrumenttoa
changeinthevalueofthequantitytobemeasured.Mathematicallyitis
expressedas
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Thus,ifthecalibrationcurveisliner,asshown,thesensitivityofthe
instrumentistheslopeofthecalibrationcurve.Ifthecalibrationcurveis
notlinearasshown,thenthesensitivityvarieswiththeinput.Inverse
sensitivityordeflectionfactorisdefinedasthereciprocalofsensitivity.
Inversesensitivityordeflectionfactor=1/sensitivity
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Reproducibility:
Itisthedegreeofclosenesswithwhichagivenvaluemayberepeatedly
measured.Itisspecifiedintermsofscalereadingsoveragivenperiodof
time.
Repeatability:Itisdefinedasthevariationofscalereading&random in
nature.
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Drift:Driftmaybeclassifiedintothreecategories:

a)zerodrift:Ifthewholecalibrationgraduallyshiftsduetoslippage,
permanentset,orduetounduewarmingupofelectronictubecircuits,zero
driftsetsin.

b)spandriftorsensitivitydrift:Ifthereisproportionalchangeinthe
indicationallalongtheupwardscale,thedriftsiscalledspandriftor
sensitivitydrift.

c)Zonaldrift:Incasethedriftoccursonlyaportionofspanofan
instrument,itiscalledzonaldrift.

Resolution:Iftheinputisslowlyincreasedfrom somearbitraryinputvalue,
itwillagainbefoundthatoutputdoesnotchangeatalluntilacertain
incrementisexceeded.Thisincrementiscalledresolution.

Threshold:Iftheinstrumentinputisincreasedverygraduallyfrom zero
therewillbesomeminimum valuebelowwhichnooutputchangecanbe
detected.Thisminimum valuedefinesthethresholdoftheinstrument.

Stability:Itistheabilityofaninstrumenttoretainitsperformance
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throughoutisspecifiedoperatinglife.

Tolerance:
Themaximum allowableerrorinthemeasurementisspecifiedintermsof
somevaluewhichiscalledtolerance.

Rangeorspan:Theminimum &maximum valuesofaquantityforwhichan
instrumentisdesignedtomeasureiscalleditsrangeorspan.

Dynamiccharacteristics:Thesetofcriteriadefinedfortheinstruments,
whicharechangesrapidlywithtime,iscalled‘dynamiccharacteristics’.
Thevariousstaticcharacteristicsare:
i)Speedofresponse
ii)Measuringlag
iii)Fidelity
iv)Dynamicerror

Speedofresponse:
Itisdefinedastherapiditywithwhichameasurementsystem respondsto
changesinthemeasuredquantity.

Measuringlag:Itistheretardationordelayintheresponseofa
measurementsystem tochangesinthemeasuredquantity.
Themeasuringlagsareoftwotypes:

a)Retardationtype:Inthiscasetheresponseofthemeasurementsystem
beginsimmediatelyafterthechangeinmeasuredquantityhasoccurred.

b)Timedelaylag:Inthiscasetheresponseofthemeasurementsystem
beginsafteradeadtimeaftertheapplicationoftheinput.

Fidelity:Itisdefinedasthedegreetowhichameasurementsystem
indicateschangesinthemeasurandquantitywithoutdynamicerror.

Dynamicerror:
Itisthedifferencebetweenthetruevalueofthequantitychangingwith
time&thevalueindicatedbythemeasurementsystem ifnostaticerroris
assumed.Itisalsocalledmeasurementerror.
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