
ALTERNATINGQUANTITIES
INTRODUCTION:
The alternating quantityis one whose value varieswith time.This
alternatingquantitymaybeperiodicandnon-periodic.Periodicquantity
isonewhosevaluewillberepeatedforeveryspecifiedinterval.Generally
torepresentalternatingvoltageorcurrentweprefersinusoidalwave
form,becausebelowlistedproperties
1.Derivativeofsineisansinefunctiononly.
2.Integralofsineisansinefunctiononly.
3.Itiseasytogeneratesinefunctionusinggenerators.
4.Mostofthe2ndordersystem responseisalwayssinusoidal.

Alternatingquantity:
Assaidaboveanalternatingvoltageorcurrentcanberepresentedwith
sinewave.Sinewavecanbedefinedwithdegreeorradiansasreference.
At,0degrees---0
90degrees---maximum
180degrees---0
270degrees---maximum
360degrees---0
i.evalueofsinefunctionvarieswithtime,firstlyincreasesfrom zeroand
reachesmaximum andagainfallstozero,thereaftertendstoincrease
inoppositedirectionandreachesmaximum valueandfallstozero.This
thevariationofsinein1stcycleiscalledaspositivehalfcycleandother
negativehalfcycle.(i.eduring+vehalfcycledirectionisrequiredoneand
during2ndhalfcycledirectionactualrequireddirection.).Thereforeone
positiveandnegativecyclecombinelyformsonecompletecycle

GenerationofsinusoidalACvoltage
ConsiderarectangularcoilofNturnsplacedinauniform magneticfield
asshowninthefigure.Thecoilisrotatingintheanticlockwisedirection
atanuniform angularvelocityofωrad/sec.



Whenthecoilisintheverticalposition,thefluxlinkingthecoiliszero
becausetheplaneofthecoilisparalleltothedirectionofthemagnetic
field.Henceatthisposition,theemfinduced inthecoiliszero.When
thecoilmovesbysomeangleintheanticlockwisedirection,thereisa
rateofchangeoffluxlinkingthecoilandhenceanemfisinducedinthe
coilaccordingtoFaradaysLaw.Whenthecoilreachesthehorizontal
position,thefluxlinkingthecoilismaximum,andhencetheemfinduced
isalsomaximum.Whenthecoilfurthermovesintheanticlockwise
direction,theemfinducedinthecoilreduces.Nextwhenthecoilcomes
totheverticalposition,theemfinducedbecomeszero.Afterthatthe
samecyclerepeatsandtheemfisinducedintheoppositedirection.
Whenthecoilcompletesonecompleterevolution,onecycleofAC
voltageisgenerated.
ThegenerationofsinusoidalAC voltagecanalsobeexplainedusing
mathematicalequations.
ConsiderarectangularcoilofNturnsplacedinauniform magneticfield
inthepositionshowninthefigure.Themaximum fluxlinkingthecoilis
inthedownwarddirectionasshowninthefigure.
Thisfluxcanbedividedintotwocomponents,onecomponentacting
alongtheplaneofthecoilΦmaxsinωtandanothercomponentacting
perpendiculartotheplaneofthecoilΦmaxcosωt.



Thecomponentoffluxactingalongtheplaneofthecoildoesnotinduce
anyfluxinthecoil.
Onlythecomponentactingperpendiculartotheplaneofthecoilie
Φmaxcosωtinducesanemfinthecoil.

∅=Φmaxcosωt.

e=-Nd∅/dt

e=-Nd(Φmaxcosωt)/dt

e=NΦmaxωsinωt.

e=Emax sinωt.

Hencetheemfinducedinthecoilisasinusoidalemf.Thiswillinducea
sinusoidalcurrent
inthecircuitgivenby

i=im sinωt.

wherei=instantenousvalue

im =maximum value

AngularFrequency(ω)
Angularfrequencyisdefinedasthenumberofradianscoveredinone



second(ietheanglecoveredbytherotatingcoil).Theunitofangular
frequencyisrad/sec.
Peaktopeakvalue:Itistotalvaluefrom positivepeaktothenegative
peak.(2Vm)
Instantaneousvalue:Itisthemagnitudeofwaveform atanyspecified
time.V(t)
Averagevalue:Itisratioofareacoveredbywaveform toitslength.(Vd)

Vd=(1/T)ʃV(t)dwt.
Vd=(1/2Π)ʃVm sinwt.dwt

=-Vm /2Π.coswt---withlimitsof2Πand0
=0.(i.e.averagevalueofsinewaveoverafullcycleiszero)

Henceitisdefinedforhalfcycle.
Vd=(1/Π)ʃVm sinwt.dwt

=-Vm /Π.coswtwithlimitsofΠand0
=2Vm /Π

RMSvalue:
Itistherootmeansquarevalueofthefunction,whichgivenas
Vrms=(1/T)ʃV(t)]2dwt.
=(1/2Π)ʃVm2[(1-cos2wt)/2]dwt.
=(1/2Π).Vm2[(wt-sin2wt/2wt)/2]
=Vm /=effectivevalue.

Peakfactor:
Itistheratioofpeakvaluetothermsvalue.

Pp=Vp/Vrms=√2

Form factor:
Itistheratioofaveragevaluetothermsvalue.

Fp=Vd/Vrms=2√2/Π=1.11

PhasorRepresentation:
Analternatingquantitycanberepresentedusing
i)Waveform
ii)Equations
iii)Phasor
Asinusoidalalternatingquantitycanberepresentedbyarotatingline
called a Phasor.A phasoris a line ofdefinite length rotating in
anticlockwisedirectionataconstantangularvelocity
Thewaveform andequationrepresentationofanalternatingcurrentis



as shown.This sinusoidalquantitycan also be represented using
phasors.

Inphasorform theabovewaveiswrittenas ̅= ∠0
Draw a lineOP oflength equalto Im.ThislineOP rotatesin the
anticlockwisedirectionwithauniform angularvelocityω rad/secand
follows the circulartrajectoryshown in figure.Atanyinstant,the
projectionofOPonthey-axisisgivenbyOM=OPsinθ=Imsinωt.Hence
thelineOPisthephasorrepresentationofthesinusoidalcurrent.



Phase



Phaseisdefinedasthefractionalpartoftimeperiodorcyclethrough
whichthe
quantityhasadvancedfrom theselectedzeropositionofreference
Phaseof+Em isπ/2radorT/4sec
Phaseof-Em isπ/2rador3T/4sec

PhaseDifference



Whentwoalternatingquantitiesofthesamefrequencyhavedifferent
zeropoints,theyaresaidtohaveaphasedifference.Theanglebetween
thezeropointsistheangleofphasedifference.
InPhase
Twowaveformsaresaidtobeinphase,whenthephasedifference
betweenthem iszero.
Thatisthezeropointsofboththewaveformsaresame.Thewaveform,
phasorandequation
representationoftwosinusoidalquantitieswhichareinphaseisas
shown.Thefigureshowsthatthevoltageandcurrentareinphase.



v=vm sinωt
i=im sinωt.

Lagging
Inthefigureshown,thezeropointofthecurrentwaveform isafterthe
zeropointofthevoltagewaveform.Hencethecurrentislaggingbehind
thevoltage.Thewaveform,phasorandequationrepresentationisas
shown.

v=vm sinωt
i=im sin(ωt-∅).

Leading

Inthefigureshown,thezeropointofthecurrentwaveform isbeforethe
zeropointofthevoltagewaveform.Hencethecurrentisleadingthe
voltage.Thewaveform,phasorandequationrepresentationisasshown.

v=vm sinωt
i=im sin(ωt+∅).



PhasorAddition

Sometimesitisnecessarywhenstudyingsinusoidstoaddtogethertwo
alternatingwaveforms,forexampleinanACseriescircuit,thatarenotin
-phasewitheachother.Iftheyarein-phasethatis,thereisnophase
shiftthentheycanbeaddedtogetherinthesamewayasDCvaluesto
findthealgebraicsum ofthetwovectors.Forexample,iftwovoltages
ofsay50voltsand25voltsrespectivelyaretogether“in-phase”,theywill
addorsum togethertoform onevoltageof75volts(50+25).

Ifhowever,theyarenotin-phasethatis,theydonothaveidentical
directionsorstartingpointthenthephaseanglebetweenthem needsto
betakenintoaccountsotheyareaddedtogetherusingphasordiagrams
to determine their Resultant Phasor or Vector Sum by using
the parallelogram law.

Considertwo AC voltages, V1 having a peak voltage of20 volts,
and V2 havingapeakvoltageof30voltswhere V1 leads V2 by 60o.The
totalvoltage, VT ofthetwovoltagescanbefoundbyfirstlydrawinga
phasordiagram representingthetwovectorsandthenconstructinga
parallelogram inwhichtwoofthesidesarethevoltages, V1 and V2 as
shownbelow.

PhasorAdditionoftwoPhasors

Theirphasorsum V1 + V2 canbeeasilyfoundbymeasuringthelengthof
thediagonalline,knownasthe“resultantr-vector”,from thezeropointto
theintersectionoftheconstructionlines 0-A.

Mathematicallywecanaddthetwovoltagestogetherbyfirstlyfinding
their“vertical”and“horizontal”directions,andfrom thiswecanthen
calculate both the “vertical”and “horizontal”components forthe
resultant“rvector”, VT.Thisanalyticalmethodwhichusesthecosine



and sine rule to find this resultant value is commonly called
the RectangularForm.

Intherectangularform,thephasorisdividedupintoarealpart, x andan
imaginarypart, y formingthegeneralisedexpression  Z = x ± jy.( wewill
discussthisinmoredetailinthenexttutorial ).Thisthengivesusa
mathematicalexpressionthatrepresentsboththemagnitudeandthe
phaseofthesinusoidalvoltageas:

DefinitionofaComplexSinusoid

Sotheadditionoftwovectors, A and B usingthepreviousgeneralised
expressionisasfollows:

PhasorAdditionusingRectangularForm

Voltage, V2 of30 volts points in the reference direction along the
horizontalzeroaxis,thenithasahorizontalcomponentbutnovertical
componentasfollows.

 • HorizontalComponent =30cos0o =30volts

 • VerticalComponent =30sin0o =0volts

 This then gives us the rectangular expression for
voltage V2 of:  30 + j0

Voltage, V1 of 20 volts leads voltage, V2 by 60o,then it has both
horizontalandverticalcomponentsasfollows.

 • HorizontalComponent =20cos60o =20x0.5=10volts

 • VerticalComponent =20sin60o =20x0.866=17.32volts

 This then gives us the rectangular expression for
voltage V1 of:  10 + j17.32

Theresultantvoltage, VT isfoundbyaddingtogetherthehorizontaland
verticalcomponentsasfollows.

 VHorizontal =sum ofrealpartsof V1 and V2 =30+10=40volts



 VVertical =sum ofimaginarypartsof V1 and V2 =0+17.32=17.32
volts

Now thatboth therealand imaginaryvalueshavebeen found the
magnitudeofvoltage, VT isdetermined bysimplyusing Pythagoras’s
Theorem fora90o triangleasfollows.

Thentheresultingphasordiagram willbe:

ResultantValueofVT

PhasorSubtraction

Phasorsubtractionisverysimilartotheaboverectangularmethodof
addition,exceptthistimethevectordifferenceistheotherdiagonalof
theparallelogram betweenthetwovoltagesof V1 and V2 asshown.



VectorSubtractionoftwoPhasors

Thistimeinsteadof“adding”togetherboththehorizontalandvertical
componentswetakethem away,subtraction.




