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Q1]1)FindtheRMSvalueofthewaveformgivenbelow:- (4)

Solution:-

Thermsvalueofthealternatingcurrentisgivenby,
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Q1]2)StateNorton’stheoremanddrawtheNorton’sequivalentcircuit. (4)

Solution:-

Itstatesthat‘Anytwoterminalsofanetworkcanbereplacedbyanequivalentcurrentsourceand

anequivalentparallelresistance.’Theconstantcurrentisequaltothecurrentwhichwouldflowin

ashortcircuitplacedacrosstheterminals.Theparallelresistanceistheresistanceofthenetwork

whenviewedfromtheseopen-circuitedterminalsafterallvoltageandcurrenthavebeenremoved

andreplacedbyinternalresistance.



Diagram(d)fromaboveshowstheNorton’sequivalentcircuit.
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Q1]3)InanR-L-Cparallelcircuitthecurrentthroughtheresistor,inductor(pure),and

capacitor(pure)are20A,15Aand40Arespectively.Whatisthecurrentfromthe

supply?drawthephasordiagram. (4)

Solution:-
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Q1]4)Abalanced3phasestarconnectedloadconsistsofthreecoilseachconsisting

ofR=6Ωand =8Ω.Determinethelinecurrent,powerfactorwhentheloadisX
L

connectedacross400V,50Hz,supply (4)

Solution:-

R=6Ω =8Ω V=400V f=50HzX
L

1)Powerfactor

=R+j =6+j8=10∠53.13°
̅
Z
ph

X
L

=10ΩZ
ph

φ=53.13°

Pf=cosφ =cos(53.13)=0.600

Powerfactor=0.600

2)Linecurrent.
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Q1]5)BrieflyexplaintheclassificationofDCmachine. (4)

Solution:-

Dependinguponthemethodofexcitationoffieldwinding,DCmachineareclassifiedintotwo

classes:-

1)Separatelyexcitedmachines.

2)Selfexcitedmachines.



SEPARATELYEXCITEDMACHINES

InseparatelyexcitedmachinesthefieldwindingisprovidedwithaseparateDCsourcetosupply

thefieldcurrentasshowninfigure.

SELFEXCITEDMACHINES

Incaseofselfexcitedmachinesno,separatesourceisprovidedtodrivethefieldcurrent,butthe

fieldcurrentisdrivenbyitsownemfgeneratedacrossthearmatureterminalswhenthemachine

worksasageneratorselfexcitedmachinearefurtherclassifiedintothethreetypes,depending

uponthemethodinwhichthefieldwindingisconnectedtothearmature:

a)SHUNTWOUNDMACHINES

b)SERIESWOUNDMACHINES

c)COMPOUNDWOUNDMACHINES



----------------------------------------------------------------------------------------

Q1]6)Drawthephasordiagramofasinglephasetransformerwhenitisloadedwith

alaggingpowerfactorload. (4)

Solution:-

----------------------------------------------------------------------------------------

Q2]a)Provethattheaveragepowertakingbyapurecapacitorfedwithasinusoidal

acsupplyinacircuitiszero. (10)

Solution:-

PHASEDIFFERENCE

Itistheanglebetweenthevoltageandcurrentphasors.

φ=90°

POWERFACTOR

Itisdefinedasthecosineoftheanglebetweenthevoltageandcurrentphasors.

Pf=cosφ=cos(90°)=0



POWER

InstantaneouspowerPisgivenby,

p=vi

p= sinωtsin(ωt+90)Vm Im

p= sinωtcosωtVmIm

p= sin2ωt
VmIm
2

Theaveragepowerforonecompletecycle,P=0

Hence,powerconsumedbyapurelycapacitivecircuitiszero.

----------------------------------------------------------------------------------------

Q2]b)Usingthemeshanalysisfindthemeshcurrentinthedirectionshownandalso

findthevoltageacrossAandBterminals. (10)

Solution:-

ApplyingKVLtomesha

-3 -2 -4 +10=0Ia Ia (-IaIb)

-3 -2 -4 +4 +10=0Ia Ia Ia I
b

9 -4 =10…………(1)Ia I
b



ApplyingKVLtomeshb

-10+6 +8 -4 =0Ia I
b (-I

b
Ia)

6 +8 -4 +4 =10I
b

I
b

I
b
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-4 +18 =10………..(2)Ia I
b

From(1)and(2)weget,

=1.5068A and =0.890AIa I
b

Forvoltage:-

ApplyKVLtomesh

-V+3 +8 =0Ia I
b

V=3 +8Ia I
b

V=3×1.5068+0.89×8

V=11.640V
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Q3]a)Asinglephasetransformerhas1000turnsontheprimaryand200turnson

thesecondary.Thenoloadcurrentis3Aatapowerfactorof0.2lagandthe

secondarycurrentis280Aatapowerfactorof0.8lag.Neglect and calculate(1)R
2

X
2

Magnetizingcomponentandlosscomponentofnoloadcurrent.(2)primarycurrent

(3)inputpowerfactor.Drawphasordiagramshowingallthecurrents.(10)

Solution:-
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Q3]b)Derivetheformulaforresonantfrequencyofthecircuitwithapurecapacitor

inparallelwithacoilhavingresistanceandinductance.Findtheexpressionfor

dynamicresistanceofthisparallelresonantcircuit. (10)

Solution:-



Consideraparallelcircuitconsistingofacoilandacapacitorasshownbelow.Theimpedancesof

twobranchesare:-
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Atresonancethecircuitispurelyresistive.Therefore,theconditionforresonanceis.
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Where iscalledastheresonantfrequencyofthecircuit.f
0

IfRisverysmallascomparedtoLthen
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DYNAMICIMPEDANCEOFAPARALLELCIRCUIT.

Atresonancethecircuitispurelyresistivetherealpartofadmittanceis .Hencethedynamic
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Q4]a)Findcurrent usingSuperpositiontheorem (10)I
X

Solution:-

(1)36Visactiveotherallareinactive.



10Ω||5Ω=3.33Ω

ApplyingKCLtothecircuit.

-36V+5 +3.33 =0I
X

I
X

8.33 =36I
X

=4.321AmI
X

(2)12Visactiveotherallareinactive.

ApplyingKVLatmesh1
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From(1)and(2)weget,
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I
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X
(2)



(3)6Aisactiveandotherallareinactive.

10Ω||5Ω=3.33Ω

=6× =2.398AmI
X
(3)

3.33

3.33+5

=-2.398AmI
X
(3)

=-2.398+2.142+4.32=4.065I
X

=4.065AmI
X

----------------------------------------------------------------------------------------

Q4]b)Aresistanceandacapacitorconnectedinseriesacrossa250Vsupplydraws

5Aat50Hz.Whenfrequencyisincreasedto60Hz,itdraws5.8A.FindthevaluesofR

&C.Alsofindactivepowerandpowerfactorinbothcases. (10)

Solution:-
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For =60Hz = = =43.1Ωf
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From(1)and(2)weget,

R=19.96Ω C=69.4μF

(2)Powerdrawinthebothcases.
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(3)Powerfactorinbothcases:-
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Q5]a)Findthenodevoltages ,and andcurrentthrough0.5Ω (10)V
1
V
2

V
3



Solution:-

AssumethatthecurrentsaremovingawayfromthenodesapplyingKCLatnode1,
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Nodes2and3willformasupernode.

Writingvoltageequationforthesupernode,
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Solvingeqs(1),(2)and(3)
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Q5]b)Describethebasicprincipleofoperationofasinglephasetransformerand

derivetheemfequation. (10)

Solution:-

Whenanalternatingvoltage isappliedtoaprimarywinding,analternatingcurrentflowsinitV
1

I
1

producinganalternatingfluxinthecore.AsperFaraday’slawsofelectromagneticinduction,an

emf isinducedintheprimarywinding.e
1

=-e
1

N
1

dφ

dt

Where isthenumberofturnsintheprimarywinding.TheinducedemfintheprimarywindingisN
1

nearlyequalandoppositetotheappliedvoltage .V
1

Assumingleakagefluxtobenegligible,almostthefluxproducedinprimarywindinglinkswiththe

secondarywinding.Hence,anemf isinducedinthesecondarywinding.e
2

=-e
2

N
2

dφ
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Where isthenumberofturnsinthesecondarywinding.IfthesecondarycircuitisclosedthroughN
2

theload,acurrent flowsinhesecondarywinding.ThusenergyistransferredfromtheprimaryI
2

windingtothesecondarywinding.

EMFEQUATION.

Astheprimarywindingisexcitedbyasinusoidalalternatingvoltage,analternatingcurrentflowsin

thewindingproducingasinusoidallyvaryingfluxφinthecore.

φ= sinωtφm

AsperFaraday’slawofelectromagneticinductionanemf isinducedintheprimarywinding.e
1
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N
1
φm N

1
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Maximumvalueofinducedemf=2πfφmN1

Hence,rmsvalueofinducedemfinprimarywindingisgivenby,
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1

Emax
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Similarlyrmsvalueofinducedemfinthesecondarywindingisgivenby,

=4.44fE
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N
2
φm

Also, = =4.44f
E
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N
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E
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N
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Thusemfperturnissameinprimaryandsecondarywindingandanequalemfisinducedineach

turnoftheprimaryandsecondarywinding.
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Q6]a)DeterminethevalueofRformaximumpowertransferandfindthevalueof

maximumtransfer. (10)

Solution:-

(1)CalculationofV
TH

RemovingthevariableresistorRfromthenetwork



Mesh1and2willformAloop.

Writingcurrentequationfortheloop.

- =4………………..(1)I
2
I
1

ApplyingKVLtotheloop,

8- -5 -5 -10=0I
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I
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I
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-6 -5 =2………..(2)I
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I
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From(1)and(2)weget,

=-2A and =2AI
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I
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Writing equation,V
TH

8- - =0 => 8+2- =0I
1
V
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V
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=10VV
TH

(2)CalculationofR
TH

Replacingthevoltagesourcebyshortcircuitsandcurrentsourcesbyanopencircuit

=10Ω||1Ω=0.91ΩR
TH

Formaximumpowertransfer

(3)CalculationofPmax



= = =27.47wPmax
V
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4×0.91
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Q6]b)TheOCandSCtestdataaregivenbelowforasinglephase,5KVA,200V/400V,

50Hztransformer

OCtestfromLV

side

200V 1.25A 150w

SCtestfromHV

side

20V 12.5A 175w

Determinethefollowing:- (10)

1)DrawtheequivalentcircuitofthetransformerreferredtoLVside.

2)AtwhatloadorKVAthetransformeristobeoperatedformaximumefficiency?

3)Calculatethevalueofmaximumefficiency.

4)Regulationofthetransformeratfullload0.8powerfactorlagging.

Solution:-

(1)Approximateequivalentcircuit.

FromOCtest(metersareconnectedonLVsidei.e.secondary)
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= sin =1.25×0.8=1A = = =200ΩI
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FromSCtest(metersareconnectedontheHVsidei.e.primary)
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K
2
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K
2
X
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2
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(2)Maximumefficiencyandloadatwhichitoccurs.
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CU

I
2

2
R
02

= =12.5I
2

5×1000

400

= ×4.48=700W
CU

12.5
2

LoadKVA=Full-loadKVA× =5× =2.314KVA
W

1

Wcu

150

700

FORMAXIMUMEFFICIENCY:-

= =150W=0.150KWW
i

Wcu

Pf=1



% = ×100ηmax
loadKVA×pf

loadKVA×pf+ +W
i
W

i

% = ×100ηmax
5×1

5×1+0.15+0.15

% =94.33%ηmax

(3)Regulationoftransformatfullload0.8powerfactorlag.

%regulation= ×100
( cosφ+ sinφ)I
2
R
02

X
02

E
2

%regulation= ×100=19.76%
12.5(4.48×0.8+4.57×0.6)

400

%regulation=19.76%
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