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Solfdgehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

e 1
faerer %or vl Rl afdcw
(Single Phase AC Series Circuit)

sy Asu=lt (Course Outcome) :
Rorer-ther v A% afhcaear Wreicwd faReivor o

(Analyze the parameters of single-phase AC series_circuits.)

gesh fasgdl (Theory Learning Outcomes) :
1.1 feoiear wdr Tadisr affhed wRar fdegd yaTe, cglecst 0T sgehed 3Tl Hial.

(Determine the current, voltage and draw vector diagram for the given AC series

circuit.)
1.2 Eoiear vt RAfsr afseq HRar ssiFeeg, FuRARRers RuFeaa 3nfor sfPusea I s
.
(Calculate inductive, capacitive reactance and impedance for the given AC series
circuit)
1.3 oo v RAdisr afhcy SRar Uieeeg, RUfdeeg, 3cqic Gray 30T 9iaR $heex AT
.

(Determine active, reactive, apparent power and power factor for the given AC
series circuit)
1.4 Goear R-L-C. alier dfheard! Wsiise fhad=dl, cglecst HdeIthenele 0T #-
theFed AT,
(Determine resonant frequency, voltage magnification and Q-factor for the given
R-L-C series. circuit.)

1.1 reewafear sgieest nfor syt AfA:

3T 1.1 ALY gAY, b aed Fige ae fhar R Figer Hiad gadha
&7 g, 3fectAfear (alternating) cglecst TAR &hel 13 ehdl. TIR HToldl Eloco Hed,
I A AT HTege 3. oAl Tlecs], a GATdeledl At HIUTATE THR
AR el IS e, R Vefear-Hies(Rotating field) Terd & T e S Sgds cAagRId
el SATd.
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

= = "3a9z<3 {(AC Generator )

3Tl 1.1 FeewA e grecar o Ficadr A

FTATT dva (Working Principle): 3Teciaedd S WISl [AI#AER 3R 38, Y $HsFel
30T deehra &1 AredTcilel Ycffeeg Herl (Relative Motion) fdegd EMF 9Re ae

fRAorer &7 HeeTATTAT AT GeHALA Wieller S FAASE Fhara:

1. TE&ET (Stator): TeeX &1 W HRT 3Tl SIHEY HIRTAT T TeAdoledT Hised JHAT.
T HIGeHHALYF TocTeicdl FC aaR el

2. T (Rotor): ST 8T THUTRT HIET IHAT STHEY Teieh IHAT fohel SeIFelHIele Il AT
AT AT TLEl, SAHS Teehid & Tl HigeHAL scold.

3. {9 Raw 3nfor 999 (Slip Rings and Brushes):

¢ Tewh Uclell faggd 3ol [Ravarardl 30l f&aegd Foll UhfIdRedr aeY YuAHIST aralel
SiTdTd.

4, 377w (Bearings):

3RTE ATl BABIAIYN T He FHIred.

1.2 oA Ageard HHET:

JeghiFEy (Simple Waveforms)

. 9ol (Cycle)

. 4% F{ea (Peak Value) fawar Amplitude

. &l %ol #Afel B (Phase difference)

. Sraradl (Time Period)

. aRardr (Frequency)

. & i TR (RM.S.) fFar gemmdr Hz= (RMS or Effective Value)
. WEl Hed (Average Value)

© 00N O A WN =
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

10. B Haex (Form Factor)
11. 9% %haeX (Peak Factor)

1.37cet e Faifed:
Heetellear Faifedr (Alternating Quantity) & T HeboUsll 378, TIY VAR TeH™
(Parameter) Hed dBIdS! deoldd. IT HehoUald T Hed Thal (positive) 0T gH-ATdS!

(negative) 8ld, fhaT Hed ThaT dled 31O AT Bld.

2.3g%iF (Simple Waveforms):
ST ATEIRUT (Representation) 3Teeatedr (Alternating) TdaTelelm  IMfther Rear X 3787 (axis)

3TOT Y 3787 (axis) ITAR &Rdd ATl dcgWhid FgUTATd.

1V Vs
3Tt 1.2 degwhiet
deghIA IS FehRY 319 Uehel.

3ergeony: Sine Wave, Square Wave and Sawtooth Wave.etc.

3.91¥%d (Cycle):
AC voltage f&dar AC current =T T HYOT ald HIehel 38 #6UIAIA. - STH 6l AISe deg

(Sinewave) Positive ‘30T Negative Value €T Teh B YUT &id, ATl WIgel degd Ueh

Aol 3H FEUIAN.
" (Cycle) =360°.

OoOne FuIT Cycle

Amplitude

MFA 1.3 FAFA
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

4MF Value (Peak Value) far Amplitude:

9% AC current g sine wave TIT Ta®UTT JSehad 312N instantaneous fohedla Seferel
3Fa). & FAT 9 &TUTTelT SColvTRY 318, HE 38TeAT aldl d WTell 31T STdeh SIEdid
g fhediel &MY value o peak value FgUTATd.

Amplitude or
Poalk valuo

e and i

I fie Value

e 2y /2 2 re

w/2

————— O ort

— g B

el 1.4 9% Value
3ETEIONY : ST TSl deg 5V UifSifeeg &% ATl TMOT -5V [A3ifecg 8T Iruehel a3/,
R I/ 9% Value 5V 3%,

5.8%7 %ot At vy (Phase difference):
a7 %o Al Wk (Phase Difference) #FgUTal aldl Racded fhar deghiery Fefel dosear

HeoTd 3TSAT ol HefleT Bieh.
A

M- I -— A b At v =F

3MFdr 1.5 A %ar Atfter w7F (Phase Difference)
Yol 3{aTerdy IoTeT IR fohar fRafimed el Ta.
6.&1ematlt (Time Period):
AC Voltage f&ar AC Current Ii«lT One Cycle YUT SUITHIS! SRIONNAT FHlefmadiel Time
Period FgUTdrd.
Time Period T - Constant Value gar gdifaar .
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

Time Period t - Instantaneous Value gar geifaem Siar.
gfae (Unit) = Second

V

Time

T=2r/w

- wreraddt (Time Period)

3MFdr 1.6 Framayl:(Time Period)
7. 9RERAT (Frequency):
Teh Uehe, ALY U7 SholedT Number of Cycles HRIsholzdl HE&ATell dRaNdl (Frequency)
FEUTATT 3107 f o7 gRifdel STd.

Amplitude
+Vmax  |--------
Sinusoidal Waveform
Vz\fmaxs'lﬂ(wt)
iso0® 270° 360°
e=0° 1 : » O
sp°® E
B . ; - Amplitude
Time Period, T One Cycle, f

Mt 1.7 ERERT (Frequency)
gfae (Unit): Hz &8

aad, Time Period 8 aRaRdr (Frequency) 3T Reciprocal 31&@d.

-
THT dre) Feerd faecHdr Wed Frequency 50 Hz fahar 60 Hz Tegdl dam el Sl W
R 2 50 g3 WiaR {Ted arardrd, 3for 3@Rer, s, $est 3& &2 60 g7 diax

EcH arRard.
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

8. ¥ e A3 AT (R.M.S. Value):

T@edr AEEH (Resistance) A fafkise d3dTET DC FE Iodedrd a1 Resistance #AYY
SIaEr 3%0TAT fAATOT g1, daéra 3SUTAT ATg Resistance ALY daedrd dad [HHATOT SHuIrATér
ETOTAT AC &eell &€ Hidl FFA3R Hed (R.M.S. Value) 318 FgUTATd.

Rms Value Vrms = 0. 707V,

Rms Value lrms = 0. 707V,

9.9Iw{l AFT (Average Value):
THr degwiHT Average Value HYUT Tshlcllel cglecal fehdl dicd HUE Hed (Value) E¥iad.
Vavg= 0.637 x Vpm,

lavg= 0.637 x |n

10.%7 %FeX (Form Factor):

RMS #eg (Value) @ A #Hed (Average Value) Iredr J[UNTRIH Bie thered 314 FgUTAN.
RMS Value
Average Value

Form Factor =

Irms

Form Factor =
lavg

0.707Im
0.637Im

Form Factor

Form Factor = 1.11

11.91% waeT (Peak Factor):

Maximum (value) e 30T R.M.S (value) Hed Iredm IUNRIE dieh thekex Peak Factor)
FgoTdTd.
. Maxi 1
s %er(Peak Factor) = —— "2 1°

R.M.Svalue

1.2 WIITHIgsd AC Rasa S Pure R, L 3nfer C =7 yfawe:

Td araeies safdes Afhcaaed aeeT (R), §5%FeX (L) 30T uffiex (C) a1 et Hereqd
Gfehe Tedhid AT 319d. TITaT Allgd 3g T ST ThahiHed § Tceh Aol Siidid o
3Tha 3EH (Ohm), &= (Henrry) 3707 WR1s (Farad) 37ed.

3garen e SEey,HaTfeT 0T Ssorey A HeA3d FHIAIUT Aok, TA0T 37T AT
Heo[d dfdhe geehiedr R, L 30T C =41 HRIAISSH glecsl fohdl faegd Jargrdr e &%
QAR
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

1.3.1 Purely 9faRtr# (Resistive) AC dfde:

Resistive AC @fhe faara o3.

Purely Resistive THT Hfthe FgUTal Tsh 310 Tfthe SATAEY Bard I31ee-d (Resistance) 31&dl,
3nfor e affheaed T (Alternating Current) TatdIEaR dst yarfgd el STd.

I F2re=g [Resistance}
e ~A A > v
i
/’—‘ AN
I” \‘\
4 \ I Vv
AC 0
S
v =V _ sinwt

et 1.8 Fike ST, JsgHiar 0T SgFed STAATH

FHIHOT V' = V,, sin ot gaR aifdelel (Alternating) Sglecs Tl CfAdcHdT Hheide HEL.
gRumY, Gfheaed T current TATRT SHell ST

3T fATATAR fdegd Yaer Hed(Value) Erellel JHTOL.
Vrms | 0.707 * Vmax
R R

Irms =

ST B NC . Maximum (Im) 38 AIASH AT HHIBIT |, sin ot 37,

1.3.2 Purely gsfdeeg (Inductive) AC dfde :
Purely gsf@eeg (Inductive) THT Tfthe 7gUTST Uah 318 Afche SATHEY Bhad §3d¢d (Inductors)

\drd, 3for car dfheAsd disT T (Alternating Current) @R Walfed el S, el
gsaeAEY Current Ml Seelclid, W, $sfbees IUIHID, IC Telocol JaT 90° 3ier Al
3r&r.

!mf(_u
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

3Tt 1.9 FfFe STIaTA, dsgwle O sgaey STaTH
1. Purely gsf¥eeg (Inductive) TfheHTdr:

cglecat V(t)= Vmsin (wt)
HC I(t) = Imsin(wt—g) g1 §3Fcy AT cglecal 3

I 8T $5FeeaR fAggd e 3e.
V., and |, Peak Values egleest 30T &hic

2 gsfFeeg Afheaed, ssaetar sfPus—w (2) GelayaAm R,
Z=jol
I,
j 81 SHTRT JfAe (Imaginary Unit) 3
L & SsFcIdr $s5dcad 33.

1.3.3 Purely #ufdleg (Capacitive) AC Hfde

AC dffFcasd t& Pure #uflex Aflse deudiel ®7 aXal. a9 add &8 38d ¢ cared

v
= H =} I

HURIEI(C) s

—V

v =V, sinwt

et 1.10 wike srae, Jegwisn for Raey s

1.5{c-cglees TaY
Teh HAffeT $HUfficed C 3ol o ALY SAURAT e ()3T Sglecsl V(t) el

HET 34T 3R
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

dv(t)

I(t) =C 7t

2.¥TsTaissd AC @lecsrdl yfadie
SIegT UehT Pure ShafleTel Agadigsel AC cglecst V(t)=Vosin(wt) dTdel SiTd, el U TaeIH sl
SITOTRT SC W9 AT 3Te:
RBlee:
V()= Vo sin(wt)

FC:

T C-cglocs] TaeT aTaHe]
dv(t)
dt
dVo0 sin(wt)
dt
I(t)= C Vow cos(wt)

I(t)=C=

It)=C=

[(t)= Vo wC cos(wt)

()= Vo wC sin wt + Z

FGUA, T [(t)egTecsT V(t)aeT 90° (37er) (fhar /2 WeTeT) qe 3raa.

3. HUfAeET sTPs-u:
HUfAer sfPusag Z. Therddl SAaHEY 31T 3R
1

ZC_ij

39,

j FEUTS ARSI A (j2 = -1)

w FEUTS AC TBTaTorl 3fegor Therd¥ll (w=2nf TSI f FgoTST Theraal).

4. %3 3Tl

siPuseg a1 %ol 31Ter 31T 3Te:

6=-90° far 6=—= Y

g1 ol 39Tl gefadl & #{c Sglocol Uatr 90° 3T & 37,

AC afdcALd, T Y FHUTHCT Fcell calocst Y&t 90° 37er 4 aAdr, 3T sfFusea fhedar
dleedial Hl gId. IHD, FURAET fheeRear AREAT IATINMHALY 39ged STcll, AT dl hely

1.4 gAfFecahd Ua YFK:
gelfdeehel diavd (Arer) fAfay yeR 3radrd, 3nf0r gde gerr fieet siffenr 3nfor Agea 31me.
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Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

@rell feeledl golfagehel Glatd Y@ Yo 0T AN AUIssFard Arigal el 31e:

1.4.1 UfFeeg diax (Active Power) fhar areafas @it (Real Power) (P)

ASUITT Teheh (Unit) : ded (Watts) fhar  frar ded (Kwatts)

TISERIOT: UidFeeg Gia] &1 dist 3¢ SN YcTeTid 3Ugerd Hd FUAMHIS! arlell Sfid. § o dist
e S arEdard 1 FIAr 0T FaAT FATARYT Fd, S DI §IfeaT, eI ATIgor S,

ESER

N

P =V x [ x cos(¢)
9
V FgUTSt cglecal (Voltage)
I Fgutst (Current)
cos(¢p) FgUTer drark thaeX (Power Factor), T ¢ & Voltage 3707 Current HeT 37aTer 3TQ.

3aTeIT:

AT &I 3MTcAhS Ueh fdegd 3UhoT 3¢, S 280V @X dlefd 37O Ireed 5A Current
yaTfed 3. S dia¥ $ereX 0.8 3l X Ufdeeg diay el Alsiradr O drgam.

Ans:

P=V x | x cos(¢)

P= 230 x 5 x 0.8

P= 920W

Irar 37 3M9el 3UaUT 920 ded Ufdeeg diak aTRd 3Te.

1.4.2 NUfFeeg graX (Reactive Power) (Q)
S THe (Unit): VAR fRar KVAR
Fasdiaor o Rfeecs diar (Reactive Power) & 312l d1aT 3 ST $saed (T a7 fAor
UM Geah) 3MM0T Hufaed (Fegd &7 fdATor o gesh) I #AS iodell g 3TTor
AR AlheALT WA Iredell Sd. g dlel Yodal Hd HIOAMES arRell STid #Tgr, W of
faega affeatd snmaeas 3¥edr faegd 30T gy & AAToT auarard! Ageardl 3.
g
Q =V x [ x sin(¢)
39,

FEUTS glecal (Voltage)

Fgurst  (Current)
Y ¢ & Voltage 310 Current Jeralr 319rel 378,

3GTgOT:
ATIT & HTedThs Teh fdegd 3URI0T 3¢ S 230V @) Aleldd 0T Ay 8A Current
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garfed 318, SR 9iak %heaeX 0.8 3 X RUfdeeg diax (Reactive Power) &eft Alema= o

q'IE:EIT.

Ans:
Q =V x | x sin(¢)
Cos(od)= 0.8
sin(¢) = 0.6
Q =230 x 5 x 0.6
Q = 690VAR

1.4.3 3oq=< qiay (Apparent Power) (S)

AU THE (Unit): glec-3iT3R (VA)

TISERIOT: 3oNee Giax & Tfhedaed 3ufeud 3geear UfFeeg dfax (Active Power) 3mfoT
RUfFceg dlax (Reactive Power) JRM TshfId IRUMA 3¢, & disl @ffcaAd qRideear
T Aot gfafeifted #Xd. 3oMee dlal U faega FfehecHaed IEUNAT cglecsl 3ATTOT
el IUMHR g,

T 5= vk

gfa} triangle TIAT 3MYRTER 3SR Gray 30T 5 Aol YehRiA e aer 318 38

s =/PZ + Q2

P ¥guTsl Uldeeg diax (Active Power)

Q Fgual RifFeeg diaX (Reactive Power)

3aTgl{uT:

AT & HUedrhs Ueh fdegd Hfthe e SAHEA Sglocst V=230V 37fOT Current 1 = 5 A
3MTg. A1 FfheAe ITN=e Jiak HRM HSI I dTgar:

Ans:

S =V x|

S =230 x5

S= 1150 VA

1.4.4. SFAFHW 9G¥ (Complex Power)

ASUAR Thd (Unit): cglec-3iBR (VA)

TISEFHIOT: FlFcoladd diaX (Complex Power) UiFeceg draR 3nfor RifFeeg dfax  Imam
Teh A UTAT hiFColdrd diaX 38 FgUTdrd.

5=P+jQ

Y j T SHIGTNI Udheh 3Te.

1.4.5 9iaX &It (Power Triangle):
qlaX garel (Power Triangle) g1 Teh A Feior 3¢ St faega afheaed UiFees diax
(Active Power),RUTdeeg diax (Reactive Power), 3f0T 3{cqec diaX (Apparent Power)
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redTcllel RERES Sadl. I1 Fpomear AedAqe fdegd AfheAthor fafaer der geprram
Y 3MThcllel Tgoldal HHAS] Aehail.

Vi sindg

Reactive
e power

o

VI cosd
Real power

et 1.11 dfax Eorer
Ao FEY (Ya EIre) ¢
i’ aTel STS{AS Hatl Wollel JATIT 3T
qRIAT 3IRE fATH qTa&sT
S2=P2+QZ
37T
S =JP?2+0Q2

1.4.6 91aX %aex (Power Factor):
Power Factor (4iaX t%heeX) & Uesh Hgcdldl 8cdh 3Ig, Sl Aiehecdl HIGTHAAT HIGSh 378,
Power Factor= cos(¢) = g

| [

¢$
O | cosd \"

TP 1.12 9w FEFeT
diay HEeY cos(¢) FEUM ST GRAeT Sl ¢ & Telecst JHMOT a<e &I (Angle) (Phase
Difference) 31Te.
3qTeUT:
AT 1 TS U faegd e Mg sareed Uaceg die) P = 800w, RifFeeg dfeR
Q=600VAR T 3T Gak S MUY dia} thefeX (Power Factor) &8 Head d dTga:
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Ans:
s =/P2+Q?
S =v8002 + 6002
S = 1000VA
giay %ereX: Power Factor
cos(¢) = %
=0.8

9raYy HeFel™ Agca:
HIAGTATT AYe: lay HheareddT araR Fiched! HIAETAAT AISTOIIATS Shell STl
fSemser anfor farayor: uiaw orer ATeTATT wihe=ar Afay et g fageyor 3nfor Bemse
O AT g,
FAT SYGEATIA: THTAT Foil cTGEATIATHIS! 0T 3T SAAITST Gra¥ ¢aTel ara el STl
1.5 97aT haFedd YR (Types of Power Factor):
qfea¥ there (Power Factor) § Teh JHTOT 3HTg o faegd Hishered sglecsl 0T e Arearcer
phase Difference &efdd. g @fthedl HRIGTHAT HISId. GiaR thefeX il JH@ FhRIHLY qafichel
Fel STt off3fer (AT 3FHUIR), oNfSar (Y& 3rEUm), 3T IASr (wafea)
1.5.1 off3ier 9fax %X (Lagging Power Factor):

o oIf3I9T UlaR thereX FgUTS Sicgl e (Current) cglecs=ar (Voltage) HAEY 378,

et 1.13 offdior gfa’ ey Jegwiet
e ¢ HEdT s3fdecg oS (Inductive Load) 3r&aiedr AfFecasd gid, o9 & Aed,
TEEHIAY, ATOT R3mered.
e cos(d), T ¢ & ol HlT (Phase Angle) 3Tg.
3qTelUT:
gsfFceg disA®, e 0T SElecsl AT ol @it 30° 3TeIrE
Power Factor = cos (30°) = 0.866
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1.5.2.01f33r 9rax %aeT (Leading Power Factor)
NTSaT dfer thereX FEUTS SegT e (Current) sglecstedr (Voltage) & 31Ed.

IFr 1.14 NFT gfay ey degwisn

g ggar Huf@feeg as (Capacitive Load) 3ieiear fheaed gld, S I Hufdel doq for
PET TPRT SolFciielsh 3SUHIOL.
3aTeIr:
mufafeeg s, e 3MT Sgledst Aredicdiel Hhel angle 45° 3rHedTd -
Power Factor = cos (45% = 0.707
1.5.3.3f& dfav haeX (Unity Power Factor):

o IAA dleX %X UM Siegl e (Current) 30T sgleest (Voltage) Tehaiehiear

Hiad(In phase) 31 HdTd.

o § Uiy %X HaldH 3¢, HRUT ALY faegd 3oi qUT HPeTHds araell S,

/ﬁ:ﬁﬁﬂ

3'“71'7'& 1.15; gleesT FIC deghid
3clglur:

Siegl %ol angle T 3T -
Power Factor=cos(0°) =1 31&@aqr.
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1.6 R-L ABEX - ses%eX) AC RAfier wfhe

R-L Tl dfdhe (AEET - Sesarex [@ST dfdhe) &7 v | faegd afdhe 3me, Sareed wh
BT (Resistor) 30T T SesaeX (Inductor) ALY Sgelel 31N, 37T Afheaed,
{igIEe=d (R) 30T SsFed (L) AT kel EeahifAD Hicheamtiel faega (Current) YaTgreT grerarer
3for 9RA (induce) EMF aX 9RoTmeT grar.

R L
—— AN TR "% B
V] ] | |
v=Iz EVL
1/ !
+m* o - —F; D |
uv Vg

3l 1.16 R-L A.C Rlisr wfdhe 0T eFex sama

1. R-L s AC wffheatiar #ie 30T SgleesT A

R-L f&{sr AC afdheaed, I3 (Resistor) 30T & sw3aeX (Inductor) § e Alo#ed
SSelel AT, d&elcdl AC Tglecsl Hob Hicherded e IMUI cglecsl AT IS ol Relered
R 3mad.

2. F¥c IOr Elees ol RerAU=TRIT:

@IeeoT Vi IBIEe=d R a¥d Rlocol Vi & Ydig [ Alad hotded 34,

Ve=1xR
Sgleesl V, $sFeed L ald Sglecol V, § Ware 1 9e 90° q¢ 374,
Vi=I-XL
Vi =l-wL
3y, w=2nf

THUT Sgledst V = ThUT o] heled SElocsl V § Vg 3MMOT V| I cgeFel TehAThoT 31T

3. gFeX SIIATH (Vector Diagram):

RFe SIATH GiheAtor cglecsr 0T Jae=ar HeUm el aid. R-L s afheard,
ASreeeH sglecst Vi MMOT $59eX Tglecsl (Inductor) V,, AT TehaATehoT THUT A1 shelel (Supply
Voltage) glecsl V ar@dd .

V =VVRZ+VI?
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4. sfPs+a (Impedance):

sfPuseq a1 (Impedance triangle) 8 sfFuseq 7z I1Tceq R 30T Ssfdeeg Riaeaa X,
Z=VR? + X12

Z = sfFus-q

R= YErFc=a

X = gsfFeeg Riaeq

Y w=2nf (angular frequency)
3for

L = s%ead

Reactance, X

X=Zsin®e
[l

R=/7cos®

Resistance, R

et 1.17 sfPas=w <arer (Impedance triangle)

5. R-L fdisr A.C. affeathar #te O ElecsT degwia:

Hlecar deghle:. A.C. HfFeALd o] Feled SElecst (Supply Voltage) HEHI HISe degedl
TIEUTT 314,

V (t)=Vmsin (wt)

Fic degoi: R-L fale wfferaed aic I1(r) geum dsa dogedl Fa&uid Hed!, W o
SBICCSTUETT oty ¢ o AT JHAAT . ¢ o %ol 3aTel FgUTATA.

! (H=/m sin (wt-¢)

. iT

O

— q}-’.r

N LS it

3Tt 1.18 FIe IOr gredar Acgwiet
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6. Wt 3Tl (¢):
thol 379Tel ¢ & S@lecsl JMMOT FcTdT deghlAHAte HiAdr Wi (Phase Angle) gifaar. R-L
folsT dfheatd, Inductance S FC cglecstIe HMEN 3L § 3R ¢ & &I (Angle)
cfaar.
? = tan™ (%) = tan'1(%L)
HEGTcHS:
1. werr @fdhe =1 USeesw R=110Q 3101, L=0.5H 3§ o] elel (Supply Voltage) cglocst
V=230V aRARdT f=50Hz R Wlellel UHICT AT ¢. SsfFeeg N3mwesa (X,) , 3F9s-4a (2)
Tfde Fie (1) 30T ey HareT
Ans
1. g3feeg RarFeew (X)) o
Xi1=wL
=2nfL
=2x50 x 0.5
=157Q
2. 3fPgsew (Z) Ay
Z=\R? + X12
Z=\110% + 1572
Z=191.7 Q
3. warE (1) ey
I=(5)
= ()
1=1.2 Amp
4.97aY el
cos(¢) = (3 )
cos(¢) = (%) = 0.574 lagging
HEATCASF 2. FHN. HTedrehs Teh R-L T8 widhe 3mg S R-= 100 ,=0.1H oH] Sholel
cglecsT (Supply Voltage) V=230V dRARAT f=50Hz. dX WTeitel WA find &7 ¢. gsfFeeg
Ramre=a (x,) , sfFus=a (2) ,@fFe Fe (1) 9l HFeX ,SglocsT Vi 30T vV, 30T St

v

39T (¢)
Ans
1. g3fFeeg Raraew (X,) o
Xi,=wL
=2nfL
=2m x 50 x 0.1
=31.42Q
2. 3fPussa (z) A
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Z=VR? + XI?
Z=\102 + 31.422
Z= 329 O
3. yarg (1) e
I=()
= (55)
I= 6.99 Amp
4. geesT Vi o VL?T’N:\:
Ve=I X R = 6.99 x 10=/69.9V
Vi=1 x XL=_6.99 x 31.42 = 219v
5. ST 3farer (¢) eMe;
tan(p) = (7 )

31.42
)

tan(¢) = (2
tan(¢p) = 3.142

¢=72.34°

6. TR sglecs (V):
V=VVR? + VI?
V={/(69.9)2 + (219.5)2
V=230V

7.91a¥ e

cos(¢) = (3 )
cos(¢) = (%) = 0.304 lagging

1.7 R-C ¥f3¥ex - @) A.C e Tfe:

R-C Al A.C. gffhe saaed, Wwex (R) ohms 30T #4f@ecX (C) Farad § it oesh
Series ALY IAATT el RC Series Tfthe FULT BT 1A, SicgT AIAHISSA Eloc
ofTa] ahell degl @ie(l) 8T, YSreeed (R) 30T Hiheedr wUffed (C) HET argdl.

1 R -
1
——"VV Vv 1l
VR > VC
Vv
> uy, R
g

v =V, sinwt

mHt 1.19 R-C RAflsr wfde 7 et saamar
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1. R-C Rfisr A.C. wffentha e nfor Feesr Faw:
R-C @%sr A.C. affeaed, IEce=a (R) 30T Hufficed (C) § gcsh As#HEy Sisere
3T, deoicdl A.C. TElocoidd AftheAtd e HUT cglecst AT AT ol Rererfay
34,
FIC AT cglocord ol Rererafy:
Rlees Ve
I3Feag R g cgleeol Vi & e | Bad hbadaed 31Td.
Ve = I XR
glees Ve &U@eed C
HUAeeg C gl cgloesl Ve & ie 1 9&m 90° HEr 3713,
Ve=Il-Xc
Ve =1X (%)
3, w = 2nf
Xo=(52= )
THUT Sgleesl V= ThUT o] el Blecsi(Supply voltage) V & Vg 30T V¢ IRY cgere
Teh el TR
V =\VRZ + V(2

2. sf&ys=d (Impedance):

sfPUs=8 (Impedance) 31T 8T 3f@FUs=g Z, I3¥ea R 30T #ufldleg RUsFeaq Xe I
atel 31T,

Z=VR?+X(?

Z = 3iPgseq

R= YfEree—a

Xf(ﬁ )

Xc= FHuracreg Rudead

Y w=2nf (Angular Freq) 301 C = FU AT

3mFet 1.20 $fPasH Sarer (Impedance Triangle)
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3. R-C e A.C. uffeatiier #ic nfor sgiees Acgwia
grees deghid: A.C. TiFcALd o] Folel TElecsl HEHT WIS Jogedl FA®UNT 374,
V(t) = Vm sin (wt)
FIC deghiet: R-C AU AfdherAed sle  [(t) Geum AIgel degedl Fa®Uld I, R ar
RlocoTIell Wolded ¢ o Y& 3T . ¢ off Ul 3HaTel FEUTAN.
() = lusin(w? + )

i=lmax sin(wt+¢)

/V=Vmax sinwt

I 1.21 cgheesr Mfor Jsgwiet
4. &S I (P):
%ol 319Tel ¢ BT cglecsl 0T YdIgredl deghiaatilel vl (Phase angle) &eifadr. R-C R&d=r
GftheAed, HUfcd Hb FC 8l Selocsl U&T Je MWL & 3R ¢ 8 HIUT (angle) e=ifdar.
¢ = tan™ (25
Cosg = ()
(t)=Vm sin (wt)
/ (4=l sin (ot + ¢)

TEATTHAF 1.

AT H9edshs U R-C fader afde 3me sfPussd (z) = (75 -53.05 ) Q @R[ ele
Sgrecst(Supply Voltage) V=230V, aRARAT f=50Hz dX W@relledl WA MYT ¢.3F98-0 (2)
Tfdhe e (1) 30T UiFeeg dray(P)

Ans:

1.3Pusww (z)My;
Z=VRZ + Xc?
Z=\752 + 53.052
Z= 91.87 O
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2. FE (I) Ay
1=(3)
= (5re))
I= 2.5 Amp
3.9TaT Hheex:

cos(¢) = (3 )
c0s(9) = (5r4;) =
cos(¢) = 0.82 lead
4. UfFeeg qrar(P)
P= VI cos(¢) =230 x 2.5 x 0.82
P= 471.5W
TEATCHS 2.GHST HTedThs U R-C Rl dfdhe 3¢ SAMA: R=100Q C=50 p-F 9] delel
cgrecsl (Supply Voltage) V=230V, aRdRdr (Freq) f=50Hz. M&r ¢.3f@useq (Z) 2.9f%he
e (1) 3.c@ecst 319 4. BT 39T (¢p) 5.9faR HeFeX
Ans:
1 Fafdieg RiaFew (Xc) M
Xf(ﬁ )
(o)
Xc =63.66 O

2. gfPasew (z) e

Z=VRZ + Xc?

Z=v/1002 + 63.332

Z=11854
3. FT (1) M

I=()

230

= (118.54-)
I= 1.94 Amp

4. sgeesT 319 (Voltage drop) Vi 3MTor v, e
Ve=I x R = 1.94 x 100= 194V
Ve=I x Xc = 1.94 x 63.66 = 123.5V
5. %l 3ol (¢) MY
tan($) = (=)

tan(¢) = (== )
tan(¢) = 0.634
= 32.37

21|Page Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

6. THUT gleea (V):
V=\VRZ + Vc2
V=/(194)2 + (123.5)2
V=230V
7.9 $FeX:
cos(¢) = (3 )
cos(p) = (—2 ) = 0.843 lead

118.54

1.8 R-L-C RAfi5r #f¥e (R-L-C Series Circuit) 8 fdcgd Tfdhcar T YR 3R SATHEY
BTER (R), ges%eX (L), 30T uffex (C) § RS Felaed ALY Sgelel 31, RLC
HiheHEd, § i Ueh UM ASAAEY SiSel SIdld, SARS Tehd Current §d EChHIAL

Saried gial.

R(QY) L(H) CE)
HVR%I&VI *Vcﬁl
()
NG

3l 1.22 R-L-C Rdisr afde
RLC s affeaed sgices 3m:
RLC f&ds wfdcAed A 9AE ges qdid:
IFEEeT (R), sesaex (L), 3nfor &uidex (C)
1. WIre=w (R) T greest 3
Wreeww (R) aliel cgledst 39 (Vi) & 3iEHedl [HIAETER SiGel Sid:
Vk =I-R
5 | g7 affeasT Jomr yaTg 3.
2. 375%eX (L) T sgieesT 3iu:
gesdeY allel Sglecol 319 ( V. ) 8T Ssfoceg RUFcad a Haolesl 3HAN:
V.=I-X,
T X,=wl
X =wlL g ssfaceg Rugeaq 3¢ 0T w & P aRARAT (Angular Frequency) 31Tg:
w=2nf T f & IRARAT 3IR.

3. FURA (C) T gree 319
FUAET el gloca 319 (V) 81 Faflfees Ruaesd rdelest 3radn:
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Ve=I-Xc
%RT Xc = ﬁ
Xc & Fufafeeg Rugesg 3me

1.8.1. RLC ffier af¥ecaed Ruaeq HBa=
1.5 X> Xe 2. 29T X< Xe 3. &2 X, = Xc
1.5 X > X

R-L-C fadisr affheaed Sicgr gsfaeeg Rugesw () safAfecs Ruseaw (X)) UaTm SId 394,
degT Aiched! &Y gsfaeeg 3. a1 [EUdIa Afhexr SIgl Hgeare JOUTEH WTTTHATOY HTd.

¢. ar 3farer (Phase Angle):
SIegT X,>Xc 3TEd, degl ot 39T (¢) Positive 1@, 31O Sgledsl sicear Y& 3.
tan(¢) = ()
2. sfP9s=x (Impedance):
e THuT 3fPUsH (2) Wrellel FARTAR &Hldal SiTd.
Z=\/R? + (XL — Xc)?
3. #I¢ (Current):
e (1) g1 itheedn SgieesT (V) 30T SiPYseH (Z) ITeAT IUNRI Higell ST
1=(3)
4. gee 319 (Voltage Drop):
YA HehIdy YSUIRT cglecst 31T hledl Aar:
o YT aX (Vr):  Vi=IR
o E3FCOM (V1): Vi=I-X,
o FARCTR (Vo).  Ve=I-Xc

4 |
_______________ B
v=I1Z
V,— V
= < Vi— Ve = IX, - IXc
(3>
(8] Y ) |

Vg - IR

vel

3Tt 1.23 e 319 (Voltage Drop)

5. 9faX (Power):
Ifheraed [T JyeR=ar giatar far Sar S
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1.UfFeeg diaX (Real Power) P=Vrms-Irms-cos(¢)

2 RUfFeeg iaX (Reactive Power)  Q=Vrms-Irms-sin(¢)

3.37ouie 9iaX (Apparent Power) S= Vrms-Irms
Sicgl RLC AT afhedaed X,>X. 310d, degl Afehe 3sfdees 3/d. a1 Rydid, sglecst &
HLCTAT 9¢ ar. 0T Ffhed gadsr Smed 3r8d. %t HlT Positive 31adr 30T AfdeAtier
Rufdeeg diax gsfaees 3ra.

2.%BUT XL< Xc R-L-C AT afcamed Segr :uf@feeg Rugesa (X) ssiFecs Ruaeaq (
) 98T ST 37, degl Afhedr Rydr dufdfceg 3ad. a1 Rydia, dfhed FEr Agead
TOTH WTTTHTTT 3ETT:

1. %oT @7 (Phase Angle):

SSET X1 <X (3T, dcgl el Fld (p) Positive 31T, 30T cglecsT Fewal Je 3.

tan() = (=)

2. sf&as=d (Impedance):

Hfhedr Tl SIS (Z)

Z=,/R2 + (XC — XL)?

3. ¥ (Current):

e (I) g1 Aicheedn Sglecst (V) 30T SfPYSH (Z) ITeAT IUNTRIOT Hieel STl .

1=(3)

4. e 39 (Voltage Drop):

Ycdeh HTHIAY USUIRT Sglecsl 319 hledl Ad:

Eree=a 39 (VR): Ve=I-R

gsFead 319 (V.): V,=I-XL

Fuffeaa 3q(V,): Ve=I-XC

5. gray (Power):

afFcaed fafdy yerear giatar faar &er Srarn:
1.UfFeeg draR (Real Power) P=Vrms-Irms-cos(¢)
2 RUfFeeg diay (Reactive Power) Q=Vrms-Irms-sin(¢)
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3.37ie 9iaX (Apparent Power) S = Vrms-Irms
Stegl RLC sl affered x,<xc 3@, degl dfdhe Huflftes 3wd. ar ffuda, wiees
FCTIT AR 39T, 37707 Afhed Jadel SIed 310, Hal Il Negative 31ar 30T Afcheaeirer
RufFeeg uiax Hufdfeeg 3.
3. &3 X, = Xc¢
R-L-C Ta3sr afthearedr Siegr §sfeeg Rudesa (X,) Suffees Ruseaa (X¢) v A 3@,
degT Hithe Eleted U 3. Eieew Eudaed gfdhea Sgl faay aurerst 3radrd,
=" (Resonance) Ty :
Elieea Rydaed, gsfdceg Rugesa (X,) 3nfor wafdfeegs Ruderd (X) TohASDT Th TAA

Igdrd, Fgurerd X =Xe

¢. {EN<I=9 aRaRdT (Resonant Frequency):
Eieded aRarTr (fo) & Swseex (L) 3ATOT HUHT (C) FredqT IUIEHTN HaoieeT I

- _1
fo= 21LC

2. sf™us+a (Impedance):
Eleled Uil gfthed Uhor  SPUSH (Z) Berd Sieced (Resistor) aX fdeiss 31,
FROT X, 30T X UehARE GG Hdld: Z=R

‘\-:—:.

e P
I o

FRaesistance
{ Tin-phase" )

3MFdr 1.25 X (Phasor diagram)
3. FI€ (Current):
Eieed [EUdieed, #3e (1) 87 glecst (V) 30 ASeeag (R) Iredm JONRI0N HiGell Sid:
I=(3)
Y. %o FIT (Phase Angle):
Eieted FEIciaed, el 319Tel (¢) e 3Eal, HROT X, 30T X TehAhie &g Hdld. AHD
cBlecsl 0T e UhASRT hoeed 3adid ¢=0°
4, qia¥ (Power):
Eieew [fudaed, Ufdceg il (Real Power) & herd YSieced a¥ 3deidsl 3
P=Vrms-Irms-cos(¢)
fefar,
P=I°R
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A cos(¢p)=1

cos(¢p)=1 3 ad, HRUT ¢=0°

B fuded R-L-C flsr affcy weor sfFusea wod gesd aX 3deies 3.
IHS FfhcALY ST STEd e dgdl. cglecsl 0T Hic Irar %ol & Yed 3Hddl,
FEUISTT o Glegl USRI holdtd A, 37 RYdid dfheear wRYUTeEr 30T diakar
IR AT FehX AT Adl.

TEATCHS: A, HTedrhs T R-L-C e afdhe 3 sam@ed: R=10Q, L=0.1H, ¢=100uF
A el eglecsl (Supply voltage) V=230V aRardr (Frequency) f=50Hz ner ¢ 3iPqsed
(2) 2.afFe e (1) 3.3 () 4.5 397 (p) 5.UFcq RufFeeg 300 3N+e afaw
Ans.
1.3sfFeeg Rarseaw

X= wlL

=2nfL

=2nx 50 x0.1

= 31.420
2.39fRew RyrFea (Xc) e

1

X=—
Ch-wC

1
" 2m+50%100 10—6

=31.83Q
3.usur sfPusew (Z) e
Z=,/R2 + (XL — XC)2
Z=,/(10)2 + (31.42 — 31.83)2
= 10.008Q

4. FIT (1) A
|4
| =;
_ 230
- 10 NNOK
| = 22.98Amp
5. %ol 3HeTel () M

XC—-XL
tang =

_ 31083-31.42
- in

=0.041(Negative)
¢ = tan” (0.041)
¢ = 2.35°
6. Tfaceg, RifFeeg anfor 3iNee dfav HaeT Al
P=V:l-cos(o) =230 x 22.98 x cos( 2.35) =~ 5274.4W = 5.2KW
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Q=V-lIsin(¢) =230 x 22.98 x sin( 2.35) ~ 212.4VAR
S=V/| = 230 x 22.98 ~ 5285.4VA ~ 5.2KVA

R

Power Factor=cos(¢) ==
100
10.008

=0.998 lead

1.9 R-L-C f&{lsr affeatiia Ena=a:

R-L-C f&lsr affeasd Wieew & ta Oy oy 3 saned affed susew
(Impedance) F&T gl 30T GihcHET Fle ARG AEd 8idl. Ed-a<ar TUdd, sesacd
(Inductance) 30T F4fAc=a (Capacitance) dfafshareler gcsh ThASET GG FIAId.

o) ﬁI
V= VR =]R
Ve=IX,
Mency anq»—cﬁ 2. B (Phasor Diagram)

s ! 7{\
} 0.707 1
éur ent Current I / /\
Leading :
2

Lagging ) : /
1 r

St : 1. TR Resonance curve) TPt 3. FUSIGY AT (Bandwidth Graph)

et 1.26: R-L-C fAdlisr affeatha e

2. T Ryt

R-L-C fadier aféheaesd e gsd SicgT ssfaecg RUae=a (Inductive Reactance) X, 31for
FUtacieg RUse=g (Capacitive Reactance) Xc THGT 3GdTd, Fgorarad XL=Xc

ssfeeeg Narresw (X)) anfor FARARReg N (Xo):
X =wlL=2nfL
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-1 —_r
XC T wC T 2mfc
X|_=XC
2nfl = —

~ 2mfc
Eeted aRARA (f):
1
T 2mfrc

1 )
= m hertz’s

2mfrl

F

3.9 %X (Q -Factor of a series circuit):

R-L-C afdcatfiar g %aex (Q Factor) 7guTel Afthedm Elieded RUAHEYT Foll Aroquard
&THAT 30T FST IATGUATSAT erd IRATT. & B fSAaewr ared 38, fagdr afdedr
IUTAATET SIEd 3. F thereloll "IOTaT [0Tieh" 3TAET FEUTATe.

Fq haet (Q Factor) & aR&ATOI(Magnitude):
Fg heFey HIGUATHTS! Wielel g aTNel AT
Q Factor = %\/L/_C

Q-%FeTHl Agrard dfRrse:

1. 391 gt HaAl FIQ: Q-thefex SIET OIS HiheHEIel 35T glall T Bl

2. =g digar aread: Q-hae SIed 3190l Fgurel dfdhe 3ife diaasr faferse
IRARAGY I .

3. "sfasy FAl FIA: Q-haeX S IHUT FgUlSl dsfasy HaT 3H0l, SaAHS Flhed
idr ared.

HEATcHS: THST, 39edihs T R-L-C A% @fde 3mg sameed R=10Q, L=0.1H, C=100pF
Eilded aRaRAT QMeT.

1.3 aRERar (Fo) e

Fr= L
o 2nvLC
1
Fr=
21v0.1¥100%10"—6
1
Fr=——
21v/0.1%0.0001
1
Fr=
0.0198
F.- 50Hz
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2. aeaear feydidiar #ie aly, o) A gleesT V=230V 3me

1%
I = Z=R (Resonance)

=222 234,
10

gy (Excerise):

—

. 1T fogr -di& Value (Peak Value), aRARGT (Frequency)

T forgT- wie thaeX (Form Factor), Wieh thaex (Peak Factor)
Eelc IRARAT FguTa I ?

greaT folgr - Eided (Resonance)
R-L 30T R-C f&{er Gfehcar qiax ¢arer (Power Triangle) daR (Draw) &1

o ~ v

6. R=50hm, XL=8ohm 31for XC=120hm ®§ RLC T&Ial ¥fFedar qiax FFex ARTaT &

7. HHST AUeAhs Tk R-C f&disr @fdhe 318 sfPused (2)= (50 -j33.05) &) selel ool
V=230V dRARAT f=50Hz R Welledl WA find T ¢. 3Fusa  (2), Afhe Fite (1) ufor
Ufeeeg diaX(P)

"gI ureagEa® (Reference Books)

1.5 Fcahel TSR Fered ded o TFAT, T THe ATl SRIIIeAT, &

2. glfFeahel TAlcilold Teh UIGAYETh Es-1 of@eh I, ol Tel.

3. gofeFeehol sicashd Heldd ded o@eh I[edl, 3R, AT, dear

4. Hishe 30T Acash @ FUTH, T THAG, TH. Tool

HecaredT 39gFd faTq

(1) https://en.wikipedia.org/wiki

(2) https://www.electrical4u.com/electrical:engineering:articles
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e - 2
fRrer b1 wH Raar afdhe
(Single Phase AC Parallel Circuit)

s fasget (Course Outcome):
ReTer-ther Tl FATR Ofhcazar Wdledd faeeivor .

(Analyse the parameters of Single-Phase AC Parallel Circuit.)

"geah fAsusll (Theory Learning Outcome):
2.1: feeledr AC THIR FiheHTdl e, Sglocol fIiRed &l 30T deFe. 3ehdl e

(Determine current, voltage and draw vector diagram for the given AC Parallel

circuit.)
2.2; feoredr AC IHIR Afeardr ssideeg, duflfeeg Ramesq 30T sfFusea= 1omr
.

(Calculate inductive, capacitive reactance and impedance for the given AC parallel
circuit.)

2.3: feoiedr AC THIR Tfdeard Ufdeeg Rufdeeg, 3nic oy, AT &=,
(Determine active, reactive, apparent power and power factor for the given AC
parallel circuit.)

2.4: f&ear R-L-C HHIAR AIST (Sileic Tharadl, e Hidsdthenelsl M0T Q-thdex HAfad
.

(Determine resonant frequency, current magnification and Q-factor for the given
R-L-C parallel.)

9R= (Introduction):

FATGR A.C dfdcadl @dedar (Concept of Parallel A.C. Circuits):

TATR A.C. AfFecasd gATaR Ssae el fhar 31f8e sfFuseq 3ddrd. o cglecst (V)
dier a1 sfPus-aelt TATGR e 38, s siFus-g § IBIEeX, g3 30T Hufded T
ST SlfFa=eeT 31Me. Jedeh SiPUsd =T 3 (Across) ¥ Blecsl § ARY Mg, W Tl
SFUSeH AT AEUIRT C & PAAMDT 3ME. ool 3FUseq I Wolel Hiche § Wrellel IHTehelid
(2.1) sfer IR,
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T 22

Y,

CZ3)

eoTeh qmmﬂwln AT oo
Fé ORIy ETOIFLT -4 J

— (D

V (e e e )
3Mhelt 2.1

DEFINITION:

A. sfPas=w (Impedance) (2):
it fte atfer Mocesa 30T Riaeg Tiear dFe=ar oo sfFuseg 3@ Fgorard. vy

gihear i IRUAE BIVIRT O FgUla siFussg giF 3gaded AsTd .
Z=\(R*+X?)

B. R3ree=w (Reactance):
a. gsfFeeg R3rFed (Inductive Reactance) (XL)

b. XL= WL
WL = 3R herd=alr
L=8sFcg
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C. ®4fddieg R3rge=H (Capacitive Reactance) (XC): = WC

Xe = 1
€= 2nfc
D. §HR fhewrd gdvew nfor TsfAe=w (Susceptance and Admittance for Parallel
Circuit.):
Tsfewa (admittance) SATEAT: e Tad: AYA 3TocTARCIT e dlge AT

(Tt TuAT) &TAAT 81, ¢ $fFused Z =T fadey 3rd #&ua Y = 1/Z.

Equation (WHFROT): 314 €T ERT I Tehl Welel HiheedT Al ST 38l S
sfFuseq Z; IO Z, 3T, T el AT daide dholedl 3ed dl Idl sfdadelc
sfPyseg W@rallel YHTUT 3Te.

SR sfFadeic 3fFUSed AT Z=R+jX GrEdCT SId 3 d¥ UsfAced Wlellel JHTON Fiedl Adr.

goL1__ 1 _ R —jX _ R—jX
~Z R+jX (R+jX)(R—jX) RZ+X2
Y =2 G iB
“TTRZyxz Ry xZ J

E. @dve+d (susceptance):

SATEYT; USfAcO<AT SHISITR] Ulcell Jdtecd FguTdid.

Equation: AT TTellel YATOT &Ll STal.

B X
- RZ+X2
A gfheaed SR RUFeag a8d X X = 0 and B=0

F. %o samd (Phasor Diagram):
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HIE{HIOT HIOMAT e d Bl STAH I U, A Fihe ALY FUldicd glocsl
ARY TG, W e Bl § Huleic SFISHaT Iacigel I FgUT o Seeid 3.

G. sf®ys=a =T (Impedance Triangle):

SATEIT: - Parllel Iffe ALY sfFusew a1 Bor § IEcesw, Rigeaa 3nfor sfeusea Irearder
Hay fegogater Wiedawur (Visual Representation) Eeifdd. ##leR dffcaed oerae arg]
YETeeeH g¥ad dld HHARTAT SISl FHuldc T$T JaR gsfaces Riacew avear faaer nfor
Hutddes RUserd @rerear e geifdel STdrd, 3o ol aref & ¥t sfFusea gdifad.

2.1 AC ®ffcad R-L, R-C 3nfor R-L-C ®HIGR #AST (parallel combination). 3f@asw¥,
RarFerd, o 3, fPasew B=Fon: (R-L, R-C and R-L-C parallel combination of A.C.
circuits. Impedance, reactance, phasor diagram, impedance triangle).

2.1.1 AC affcad R-L §HAGR WAS (R-L parallel combination of A.C. circuits)
qerer YEeew MO 3R §39 (WA R-L) {Resistance in Parallel with pure Inductor
(Parallel-R-L):

Circuit diagram Phasor diagram
! =1 H ;H

")

L

>V

O

u - .
MFdr 2.1 AC ¥fFeHd R-L WATI WIS (R-L parallel combination of AC circuits)

3Mehcllel 2.1 SrEaeATTAHTON BT IO S59FeX HATR Sseel 30E. oI Flecst

V=Vm sinot.
aled e = |
VST AY SAURT e

I=-
R

cglecst V HE 3o1-thol 3iTg
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IL ALY TIEUIRT aC Sglecat 90 o1 A Trhdl
3 X, = g3Fear RUsgeg

¥ § ¥ x
tan ¢ = jl_—L S5ing = TL and cos ¢ = TR

HEesBassm ¥ = ;
TEITAS 1. AfFecasd 60V, 1KHz Foamrd feeter 318, 20Q IR, 2.38mH TaT Ssae-adg
AT 8ol 38, dX 0T T (a) Fodeh AMWdleT e (b) ToallT e, () & Hfehe ol
3791, (d) Afhe sfFgseg 3001 (e) de aTaRell S0, (Power Consumed)
3

@ e SoT YT

FAC S 55FeX

Ir =V/R=60/20==3 A

I =V/X=V/2afL=60/21(1000)(2.387 x 1073)=4 A
(b) goer =iz,

=R+ =v3¥+4=5A
(c) & Hfhe et 37aTer

I 4
¢ =tan~! f—L = tan”' 3= 53.13° lagging
R £

(d) ofee sfrrssw "
Z=—=@=129
{ 5

(e) o= TRl S
P =Vl cos @ = (60)(5)(cos 53.138)= 180 W

(Alternatively, power consumed)

P=RR=(3)20)=180 W)

2.1.2 R-C parallel of A.C. circuits:
Capacitance in Parallel with pure Inductor (Parallel-R-C):
In A

MFr 2.2 R-C UAd A.C. |fHe (R-C parallel of A.C. circuits)
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HTehelld STEAITIATON USEE AT U AR SiSeld 38, Tl gl

V=Vm sinot.
e HE = |
USET AYSA AURT #RE = |g= VIR s (1) SglecsT V TE SA-thel 38
FIFFET HYT AV FHE = I= VUK, omeoememmemememeees 2)

| HEY dEUIRT FC cglocol 90- @ J& Sl
Y X = Hurdear Rigeaq

t'moc—r—c ‘sinc:-—"—c'andcow:—;—R
B "R T

e shasea .Z=¥

WE&ITAF: (1) 30 pF FUfFeT 240V, 50Hz, 80 Q IBEITE THTK SiiSoidl 3T IV A
(a) 9cd AT e (b) oA Fe, (C) & Afehe ol 3MdTel, (d) Tfhe sFIs=a 31T (e)
AT aTRelr Sid. AT (f) 3 giax

LS
(a) =i S IT=Eed
v 240
In=% =75 =34
A Sel ShdiacT
e = E = 1~ = Z2afCV
2FpC
= Z2m{SON30 x 10%W240) = 2.262 A
b} FoaTer Wi
F= Ig+I& =324+ 22622
= 3. 75T A
(c) At = 3T
I 2.262
o = tan IL = 1an ! =
In 3
= 37.02° leading
(d) Afse shasea
" v 240
L= — = = 6H3.88 Q
/ 3.75T
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©) gaﬁ:f’{f‘q‘tﬂu‘iﬂliﬁ%ﬁé@

P = Vlcosw = (240%3.757)cos 37.02°
=T720W
{Alternatively, true power

P = IR = (3)*(80) = T20W)

) T UEE
S=VI=2403.757) = W1.7TVA
WEATHSF (2): AT/ 120v, 200Hz Feargay IBEEX R g FHGR. SiSdel 38, o

e 0.6 SNTSIrAT Gle’ theFedal 2A 37Tg. C MU R = Fed fAf¥aa .
I

e C lo g ===~ 1=2A
h R
I=2A
TV-120V Rk V=120V
200 Hz

Power factor = cos ¢ = 0.6 leading,
¢ = cos™! 0.6 = 53.13° leading.

et HThclTa®e

Ip = I1¢0s53.13° = (2)0.6)
= 1.2A

Ic = Isin 53.13° = (2)(0.8)
= LL6A
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tf
l:l..: — F{-'
Fi'e b
===
120
= — 10 52
W
I = Y—{_
= 2 OV
e
. s ———
2af Vv
N 1.6
T 2 (2000 1 20)
= 1él

2.1.3 R-L-C AC Tféeaa THIR HA (R-L-C parallel combination of AC circuits):

3MFr 2.3: R-L-C AC didheHe HACR A (R-L-C parallel combination of AC
circuits)

AT RLC TfFeHAEd cglecsl LA THATER SSelel I3, 53X AT Huffex 1A,
SUTHEY Ycdeh Ucahlal HHTA cglocol 31Ed.
UsfAesd (Admittance): sfFas—a=ar Rf¥wwerer GsfAcaa Fgorda. I a@ikfas @or (Y)
e
%Sl ATt (Phasor Diagram) for RLC Parallel circuit:
FAI RLC Aithed ®aX HTehell HGUIETE, cglecs! Heel FgUE Oddl S HRUT Tcdeh
HeHIAIo cglocsl IR Tgd 0T SR T e oI & Ig, g, || & Blocsl dFelTar TATIeT
FGel ST, TeATell HAlfgd 31 T IBIEITAT d1adid, S@lecsl JTMOT He Tahrd hotaed
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e, A cglocel =T 90 3R 9 I FgUE Ic el cglocol deFeX V =ar 90 3R 4
(eNTSaT) grEar. g5 AN F{e Ao || TElecst off 90 AT HAFEN AT HHAT FgULT deFe
| et dFeX V AT 90 3R A GREATIIT Ig, le, | 1 GRAT (Magnitude) FTer.
FEUTSIT ac |g cglocol dael, V =T cHTd 0 AT thal 3{ITal<dT Hlahlsl hlaT.

lc

et 2.4

sfPas=x@ Impedance for RLC Parallel circuit:

el IThcila®el

2 =Tf+(F, — I

1 |28 vV
o ir Tk o JYC", L X

IR.IC.IL =ar TFHdl TTFEREDT U HT el
!_._ T o .E;_\) 2 + P 1; V 2
= \X (R, Xr Xc

r s 2 =*
Addmitinnee E =Y = I_S l a4 (i _ L )
z L Pk X1 Mg

"EaeH®: 1 1k IFE, 142mH Higer 30T 160uF HURAeY § T4 240V, 60Hz TagaraX
A Siselel 3ed. FATGR RLC Fihedm 3Puseq 0T WagATdel Hieeel e Irdr Jorer
U

3at: 3fF9s<g (Impedance of a Parallel RLC Circuit)
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Ig

-.__ - &
Ve = 240V
60Hz + =} L C
1k 142mH —— 160uF
+
R = 1kQ

gsfdceg RUadead, (XL):

X, = wl = 2xfL — 27x.60.142=<10 " — S53.S40
Y Uﬁ ?c ﬁ v =, (XC)

X, = L — 1 il 1 L — 16.580
@»C Z2r fC 27x.60.160=<10
sfPus=g (2)
o 0 1 _ 1
1 1 17 1 =, 1 _ 1 -
J[Rj + [f - Z] ‘J[1000j [53.54 16.58]
= = E - i — za0Dc2

J10=<10° + 1.73a4=<10" 0.041 ¥

qeer g #ie, (Is):
LT
I, = s = 240 — 49 Amperes
= 24

FEATHF: 2 . T&F 500 I, T 20mH Hisar 3fr 5uF Fufder & 4 50V, 100Hz
RASITR FHCR SSeled M. WASANTA Hleelel TRUT e, Yodeh AWATSET e Flchear

33X Parallel RLC Circuit

Vs = 50V
100Hz +

@ R = 500 L — 20mH ™= C = SuF
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1) gsfFeeg RisFea (X):

X = oL = 2xfL = 2x.100.0.02 = 12.60
2) (] Uﬁ ?c ﬁ ) — : (XC)
x, = 4+ - 1 _ 1 = 31830
@C 2ryc 27.100.5=10
3). sfFusd, (2)
= _ 1 _ 1
152 1 1 1y L N
J[E] * [x—c B XL] J[so] (3783 128)
7 - 1 - 1 - 127
A 0.0004 + 0.0058 0.0788

4). YErEeH AYS ST 3, R (Ir):

N B0
= = = 8@ — 19w
5). $8eeY HYe SIIUIRT e, L (IL):
2V 50
i 3 >, 2 1=Z6 T
6). U ALY SAURT &<, C (lo):
A4 50
B xX_ = 3183 .18 (A)
7). €T G e, (Is):
o = JFR (L= 1) = JT +(3.9-0.18) = 3.87(A)

8). &usFc-d(conductance), (G):

1 1
= = = — 830 — 0025 or 20msS
9). g3fFeeg TXAFe4, (By):
. 1 /ede 1 _
BI_ = 3¢ = 958 — 008535 or S80Om=

= = = 00035 or 3IMmsS

11). UsfAe=g (Admittance), (Y):

vy -1__1 _ 00788 or 78msS

= 12.7
12). Retee Fe 30T IoaT glecst AU el 39T (Phase Angle, (¢) between the

resultant current and the supply voltage:)
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cosh = = = === = 0256

b = cos '0.256 = 753" [lag)

1.2 R-L, R-C, R-L-C ®AIR AC Wf¥ew daex e, ¥Feeg RufFees, e uraw, wraw
f%or (R-L, R-C, R-L-C parallel AC circuits vector diagram, active, reactive,
apparent power, power triangle):

A) 9TaR %aeX 37 Tl dfde (Power Factor in AC Circuits):

SITEAT: FIVTATE ST THY IfAed For FBwwear FIATSer UM YT haed ¥ Fgordrd.

watts

Power Factor= —/1——~——
volt-amperes

Tl afhe #AVY gl THT TMAEY SRl STEd 90 3RMeAT d Sl HHl =g 3 v
Stheed 319 el FgUE cos90°=0 3TOT cos0°=1 ATHATON HIVIATE! THT Hiche HEY ST
S 1T AT Sl 0 Taera 9ral thered 3% 2rehdl.

B) Rarer gray: Real Power in AC Circuits:

fheear ISEEIeg ST @ aT9Redl SIUI=AT Gidlell Rl 91aX FguTdid.
P= I>x R, where R=afdhear Ige=a

YBECHAD Eloce 0T e JFHIFAALY HIUERT hol BHEH adl, AHS  Fa RIeT
TR Seeed o feell Sid.

RIer arax (Real Power) P = 1°R =V x | x cos(®) Watts, (W)

C) Rufdeeg drav : (Reactive Power in AC Circuits):

RUfFeeg dfar, 3l 9@y &1 St AT 0T Jeciaiear e RAET FAfT a5 Jgmed
138 gl 319d 7 graxen Rifeeeg diax Fgordid

RUfFeeg 9iar reactive power Q = V x | x sin(g), VAR (volt-Amperes Reactive)

where Q= RUfFeeg diay, V= @lecsl, |= ae and ¢= Fe 30T glecsT AT 379TeT
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D) 3m9e 9raT: (Apparent Power in AC Circuits):
‘¥ cglecoredl rms Hedrd 30T fdege Jareredl rms HoAT IUMhR e, § Hicheor feorell
THOT AT 3TE.

31%e grax (Apparent Power) S = VI. VA or kVA.

E) 4rax ¢t (Power Triangle of an AC Circuit):

Resctive Pover

Q =VIsing

h._
Real Power, P = VIcosE
s
P is the I x R Watt
Q is the I> x X VAR
Sisthe Px Z VA

® g 3eHNT ol FleT 3R, ol T foiderr Aer 3o faddhr RifFeeg grax SEd
3T

Cos(®) = P/S = W/VA = power factor, p.f.
Sin(®) = Q/S = VAr/VA
Tan(®) = Q/P = VAr/W

HEATcHAF:1) 180mH =T seFerd 3MTOT 350 ISTeeed Tolell @igel 100V 50Hz qRaaamel
(voltage supply) SSerell 378, IUTAT FT: 37) HISerdT 3F9sH, §) e, ¢) Ulal hae 3ToT
) aTIelall 37T UTaR. ol iscrardl IRUMHT grax ¢arel STl el

3@X: Data given: R = 35Q, L = 180mH, V = 100V and f = 50Hz.
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(a) @iserar 3f@Us=d (Impedance (Z) of the coil):
R =350

X = 2nfL = 2nx50x0.18 = 56.6<2

z - JR2+ x2 = {352 1 56.6% = 66.50

(b) &< (Current (I) consumed by the coil):
V=IxZ

AL

cos¢:%, or sinq):ﬁ, or tang = R

~coso =R = 3% _05283
cos™'(0.5263) = 58.2° (lagging)

(d) 319 9rax. (Apparent power (S) consumed by the coil):

P - VxIcos$ = 100x1 .5xcos[58.2°] _ 79W

Q =V><Isin¢=100><1.5><sin[58.2°]= 127 .5VAr

S =VxI=100x1.5=150VA

or 8%-p%.Q?

28 =P Q? = {797+ 127.57 = 150VA
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(e) 9raX ¢arel (Power triangle for the coil):

2 = WIi.singe
= 127.5 War (lag)

D = 58.2° [

P = WI.cos$ = 79 1TW

1.3 AR FfFear W==q, Ahde FEdHI0T, =T curve, Hifadl hFed (Resonance
in parallel circuit- Graphical Representation, Resonance curve, Quality (Q) Factor.
(Simple Numerical))

1.3.1 Resonance in Parallel Circuit:

AT AT degl glal oicgl Coid fhardadl, TTT cglecol 30T IGiEcg Afheaesy
fA#HTOT GIUIRT Wie, ALY P ol W TAATOT .
Is A

TIsEIFHIOT (Explaination): I glel ATET IAATT AT Al glecst (V) TIT AR SiSciedr
3HATd. mEr 1 FLY Tah IBIEEX (R) HTOT §8FeX (L) seriesHEY 3T & Z, 3T&used 3elol
R-L af¥e 3me. sa-¢ gan fagyd waw & |, ganr cifden JAvmT T W& 9aTg e, emar-2
ALY Uehel $HUTHCT 31, ST AMATRAT Xe 34d. s9-2 AYA 0 faggavarg Ic gan
e Somr FafAfeeg e 3R,
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AR AT ’q‘f&ﬁ'b‘{# (Properties of Parallel Resonance):

1. WAeEAr 9!, AR RLC #fdhe quivor gfaders wféhe FguleT & .
2. WATTAT JA, TATTR RLC @fdhe diay heFex T 3R,

3. AT dabt, FATGR RLC Tfdhe Sedia oed 8fewsed ¢d Z=L/CR

4. AT Ad, FATGR RLC Gfhe &dlld & [degd yarg aredr.

5. ATl d&, TATAR RLC AfFcHE, FT HislTthahelel Bld.
6
7

. FATR RLC ¥=ieie Iffear Reeey afde 388 Fgordama.

Current Magnification in- Parallel Resonant (RL]||C) Circuit: Q-factor:
<grEgT (Definition):
FHIR WD Fg-hael § fiegd vaer quieR FEvE aReTRE & I afheear ae
mEiFHe FAGR @R ddeiedr fagdd Jamerd fd 3me did arge afde.
& AR TihcHe] e HIAhhereT 318,
ESER

e

(?{f\-?WT) Quality factor (Q-factor) = Current magnification =

FC HIAThRAA =

1 /L

R+/C

S, R= Yo¥ced 3% 3R 3 HgA
L= S3Fcg 3% 3sFcd ST goll
C= Wrsatiar Hffea Haffca e
Current Magnification in Parallel Resonant (RL||C) Circuit: Q-factor: Derivation:

Welel ENeT=g ardy,
Ic—Iisin®; =0
Ic =Isin0®;
vV Vv Xy

Xe ZL Zi
1 L

;P =X, x Xz = Wl =2 (1)

I,=I;cos @,

Eed arér @fdhe sfFasea=2Zr then

45|Page Maharashtra State Board of Technical Education, Mumbai



Electrical Circuits and Network (ECN)

solfdeahel Afehed 30T sicash (313332)

=Y _Y R
Tz oz Z
1 R
Z,  ZpZ
FHEUT T 7Ly 7.5 fRAd &ar
i _R_CR
z L L
C
7z =L (2)
'r" CR ---------------------------------
lc=V/XC=wrCV
o L=l=V VR
i Haollthehele =Q-factm'=i—c
N
FE HIothahelel =Q-f‘a{_~ml-:_“;€?i=m;£=$
_ 1
Gieer fihgaedt  f=—=
T HIATthahaleT =Q- fac‘[{}rzzngrf' = ZEL ¢ 271'1::'1?: % %
TEATHS:
1) 10ohm = gfaitrsar 3nfor 0.5 H o SSdead 3Heldl WF F5aT 50 ATTHIGBISAT
FATAITE AR sl 3Td. ARTT

() FHAER WAe TRARAT.
(i) wATaR wikeHn yoraar geF
(iii) qEST Sglecer IHHed™, Earaaed gikcgan amaaet fisr (230V.)

ELES
Data Given:

R= 10 ohm, L=0.5 H, C=50 microfarad, V = 230V

i) Parallel resonant frequency
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fr 2w\ LC L2
S 10
- 2m ] 0.5X50x10~¢  0.52
=31.67 Hz
Quality factor of parallel circuit
2nl
Q factor = iy
_ 2mx0.5x31.67
10
= 9.949

Power consumed by circuit at resonance:
Fiserar Nugeew = Xp = 2nf,L = 2n(31.67)(0.5) = 99.49Q
wigeraml sFgsed =Z=R+j Xy =(10+j99.49) = 99.99./84.26°Q

Figel FEA SURT e [ = V/Z =230/99.99 =2.3A

Afthe TSiidea arér

affpeer AT TIaT IFR=(2.3)(10)=52.9W
Fisel Lreleeed of

araerell 9rag

TaeqTT (Exercise) :

Q1. Welel Hiche AIST Y thereY I SATEAT HIA.

Q2. RLC W Ifehe 16T Uideeg uray 3mfor R3ifdecg giax =i sarear 4.

Q3. W dfhe AT TITCH IFNOT TsfHesT ATdr AT 9.

Q4. W Wideg TS Fafoer el Y SIREIT JETm AT0T A 1fordr g&eeor forgr.

Q5. TSt =g 30T ReTel Yted el Jolell

Q6. AP FisaAY 40 IFeag 3@ar 30T 0.07H T SsFeaq. 100 30T Ss9Feeq 0.12H
AT GHAT Higerll AR Sseldl A, HATeTT 230V, 50Hz qRaaarl (Supply)
SISl 318, A Ycdeh ATWHY STURT S U7 el & 0T .

Q7. HiscIAEd Sglecsl 146.2V 3g 30T RN Yoeeaaear 315 T glecst150V 3R,
SiegT & 220V, 50Hz JXaaATaR (Supply) SiiSelel HdTd. Feard e 10 amp
eI, QML

i) rserar YoEea

ii) PiseI g5

iii) PISeIEaR ARl SATOTRT ot
iv) TepuT Hishedr dial Hherel
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Q8. RLC Weler Afhe A ac HATAThHUT TINE HT

Q9. THT AfFecHALT AR alel M@ IAAN.
emaEr I: R = 10 Q 371for L = 0.1 H Arfelshd
@ I: C = 50pF.
SR #fdhe 200V, 50Hz RASATIHA qael 3&el, o fARET
(i) ETT STFISH
(i)  ATEHYA ORI He
(i)  Tfhe X FFx

(iv) afest aroRerel dier

Q10. 10 Q = IBTe=q Figer AT 0.15 H = S5Fed TN Hisel R= 50 377707 C =
20 pF 3/@eedr R-C A8 piiedaeeel v Sigdell 3. X

g gleest 110 V, 50Hz 38

(i) |iche 3MTehcll laT

(i) elewhsea AYS qTIEA ATET FIC AT IUTAT T

(iii) PIgeIEaR QMTelell Fatl

Q11. 10 Q ¥ ¥EFe=g 3N 0.5 H I S8de=g 3THolell Wb Hisel 38
50 pF =IT HATHCIHE THICGK Hoidc holol. foIrRdd T
(i) TATHR (EAeic Bherawar.
(i) FATR fehear Farfordr thaex
(iii) AT cglecat 230V IHCIN, BATHALY HichegdR alaielell dral

Q12. AC Hftherll Hefeid ®USeead MUl FHCCed TR ST 0T Il Jiaieq @i

Q13. Fufafeeg siT (RC) a1 AT THh W M@ (RL) 3&cledl THCR Afheddr, hax

Q14. HAIR Wld=aa dfersecy |m.

Q15. 3R HUAfFX (C) =T FHICR FHIR JBleic HiheALd gsFead Al (RL) 3
"FIC HIdeIThehele" TUSE hil. ITHTST FHEIUT el

Q16. 5 ( =Y Y=g 3nfor 0.2 H oY §5Fceq 3Talal disal 10 Q YT 30T 80 pF
FUfAetTar ST FIETAAATE TATGR SSelell 3T, T Gglecst 230V, 50 Hz
3 ear, fauiiRa &
1) THUT Hidhe sFaseH
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?) Hitheel Helolell THUT T
3) Ffthcar diay thae
4) ATET FC

5) Tfthcear deT ARl AT

Q17. sfusq df <arEdr 30T A/ Teheh IR
Q18. TsfAesg oI =grear 3T A FHusge-ael 3rgee FHEetor fogr

Q19. AT (EIee AiheATd HiTATtherereTar Yo Hial. AT IS AY pf I AT @
.
Q20. 3Tepell sh. 3 HEY Flthe MU WMeic Therd=dirar FHIHIOT Hial

L L
[ FIEN—
|
|

=

!' ) ”’

Wiy S0 ol
P o e

Fig. No. 3.

Hest arsaqEaF (Reference Books):

[1] A Text Book of ElectricalTechnology Vol:l B. L.Theraja, A. K. Theraja
[2] Basic Electrical Engg. Mittle, V. N.

[3] Subhodh Vidyutshastra, by trambak Waghmare

AIfedy Hhasass (Information Websites):

1) _https://www.tutorialspoint.com/statically:and:dynamically:induced.emf

2) https://www.typingbaba.com/translator/english:to:marathi:translation.ph

3) https://www.youtube.com/watch?reload=9&app=desktop&v=vJSULHbYInw
4) https://www.youtube.com/watch?app=desktop&v=E::BJAMJRrU
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Ifae 3
Y %o Tlibe
(Three Phase Circuit)

sy Asu=lt (Course Outcome):
o that (dfell thol) THT AfehedTAT ek (Parameters/q#ed) o faeivor .

(Analyze the parameters of polyphase AC circuits.)

ges fasuel (Theory Learning Outcomes):

3.1 & -Ihof deghraear AT o ded TIsT .

(Explain the principle of generation of 3-phase waveform)

3.2 O -%eT Hishedr 1-%oT AlhcHg Jelall .

(Compare of 3-phase circuit with 1-phase circuit.)

3.3 TR 30T SoeT FaAekelel HIST 3-thol Uk, Wgel Hod, thol Hedrdr 0Tl I,
(Calculate line, phase values and 3-phase power for star and delta connection)
3.4 Hafara IO IEafed s HeeaT FT .

(Explain the concept of balanced and unbalanced load condition).

9R= (Introduction):

Solfdres Hfcheaed THITeT thot TTOT &Y el RATEH 3T &l YR 3Uclstl 3ed. [&rer
ol HiheHLH, Hhkel Teh ol 8, FEUNS TdGId JaTe HeFcl Uehl dRRAL FaTigel glsel 10T
Hihe qOT FROAHIST ~ggel ollgel ATarel Teh TRlrar AT 3. cTHS [89Tel Horaed Hatd
) YATONA diel aIga] Aell SIS Aehe.

M % wfhe & o Jomel 38 Y FT R Asgdd. i bel T dreda
ST, faegaesear Yeds ol HET 120° HlaTel %ol B (Phase Difference) 3r&dl. carH>
THOT 360° FYA, el thel Tl 120° ALY AT Acled fIsTeTel ST, 3 ol e
qfe} HAd @Te] 3 HRUT el ol Tepur diet AANFED f[aete 3raara. e bl g
f&eTer %eT FEURT ARl T3 Aehelld. THD SR-olis el Bl 38T TR A ol HicheHAYA
Teh ol Bdell S5 Al 3MMUT Fiehe YUT FRUATHIST wggel A3S FEUM AT FSol. Phal
o Rerer ot FfheaX 30 ®RIG 3.

3.1 &t -or rectAfeT SvATHdr ATHAN (Generation of 3-phase EMF):
& et Sglecorar AT Rierer ol oot =am fAfAdr IRdEr 3rad. AT &Y ot =
fAfd arér FAE dochrg ST T Figed ThrT A aX 120 30 AT HIeAld THIA
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THAATA I TRAdId. § glecat M-thol T N FeReIGaR dIR el 13 ehdld.

SegT & <ol TR 3ol i, 30T @rell geiaeled 3Tehl A HEY SEdeATTH Ol Yaeh
& el ST fohar Siegt arsfeer R Saedm Sidrd, 30T qehrg &1 3Tehell B ALY @rell
SrE@aedT YA fRde I, degl Ycde Higed aX Uk § UA UH IRT (Induced) g1, T §
TH Uh I 9RAT (magnitude) 30T Bhehddl (Frequency) TAT 3R T 120 3iered
Hlellel TehARIEA I gl

Stator

Figure B

Figure A

et 3.1.1 &t b1 IR (Induced) § TH TH

3Tl GTEdeaT JAT ala2, b1b2 370r c1c2 I1 died HAT Hiscran faaR 1. JT ehciAed
al, bl 3T c1 g T A 3Hedd, T a2, b2 MO c2 ¢ dlel digel Jaed fHeAeT
3Ted. Terefd@aa al, b1 30T ¢1 HLY 120 37A AT Bl B TW@eAT S, 3T, died Hisel
T &M ARIfed (Mounted) & &1, 10T d UheX Hisel €A 3ds 0T FahrT &1
oIdeT cilel higedHTd 3feshA ol EMF SRId (Induced) glereT.

IS Diged ALY IRETT fhehad!l I TATT cglecal AU gld d Sglecsl dgeld 31dd.
Tcdeh Higed (Coil) ThGE-IT R 120 37T & SHACle IHA g Tehrd Hecl{eh Bles =T
aifaead T 3ede UHT Sised ALY AAT0T Qlomar wglees ©ar 1/3 @sd RAR3E aAer
gsdr. a1 fawgr %l o TOATIRYT 90T R Y B IT %ok HIs o geifdel Sidrd.

o faegr BT FEfer cgiecst o fhepddr TR 3q.

o faegr a1 FEer cgiecst o 3if¥sde fhaa (Amplitude) IR 314,

o Ul ol Elecst ALY YcAdh thol AT glecsl ThHGBAT cglecorear 1/3 e fRka3Ea
AT 3.

o a8 B #efier &0l Sgledal (Instantaneous Voltage) =T ST - 31&d.

VR +VY +VB =0
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3MFHet3.1.2 ot &1 IR (Induced) § w7 vF JsgwiA

3.2 ot b1 RAeH T B¢ (Advantages of Three Phase System)

1) 1-g 37ccTAeTAT Joiod 3-¢ Hecdaiecdd Hiak o deiel UMk (Power to Weight Ratio)
SEd AR, FUIS TAVHAUNT Selfdesd Tiat [ATHATSl, 3-g 3lecideddl IR 1-0
AT T olglel 31§, AHS, AT YA dist TATATETST 3roctaet=n Thun
T HHAT grar. RO, gt St SATAIHD, dTgceh 3MUT 3ecIAetl T (Installation)
AT §oTd 30T gfaR gIFEHEY 3fecisie] SUITATST Sl SR SIaTd.

2) sofdes dlaX cediaed (Power Transmission) 30T HHA YHONT YiaX fAcaRoTETST,
hseFey HIHATET 3MTaRIHcT 3-g GUllell (System) HEX 1-g JOTCIEAT doleld AT 3.
#gUA, 1-p YUMCAT Jeleld 3-¢ SIHiARNe 30T facRor yorell fhwadeiy 3ie.

3) fiarer ot S5l HlexedT deleld A ol S5 Al Ul o de UM S 38
Ul faaerare Aehfolehel GlaRarsl, fHarel %ol SseRle Al Jelad T %ol g5l
HICTHT AR gl Al ATHS, SSHAA AT THul fhAe el gl Rar, aofet
AT FToATHS, dTeceh INMUT IS HITH TAYAT FIAEH Feldd 0T g8l HleX
AT YUITATS] Al STHET ST,

4) 3-%hof Al Yok el g 1-thoT Alex &I TieTel 3.

5) 1-0 SHBIFATT Jelaid 3-Pol TABIATY Tla o Tolel, VIR S 3ATg. HATH FHTOT
golfdrgeh UTaRATS! FgUTSY, 3-Ul CEHBIATHT JHTHR 1-p CeAHIATAT Jelelcl olgTel 3778
AHS TADIATET THUT fhAd ®el gid. RIa™, aof &l SAediH S a3
CahIAR S9aUl AR g 30T SeahiA SHIUITATS! SISl aTaTd.

6) 3-%oT TEHEHAITAT PIUCITE! BB ALY GV 3ededTd, 3dRd alel arsfE3ar 3-%al i
Hog HIOATETS! 39T SecTHed aialel o3 Ahdid. 1-¢ TEEHEHET O AT AT

7) 1-g &g HI8 FOAATST 3-thal TATCH ATl I3 Ahd, IUT AT 3olc AFT =ITgl.

8) fHarer thol TATEHTAT Teldd W %ot AMA et @iIeh 3107 3fAH FHrIeTd .

9) 2t %ol 3TNET 3YUT (Equipment) 30T 3UaOTdT hA&THT (Efficiency) [&arer that
3RS 3YRUN UeT S 3.
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10)3r Thaf diaX doard FAEAAAEY, FIar (Source) Ul @S (Load) WiscHudd &Y
cglecst 319 gla.

1) &7 Taeed IS FeTer IR FAT H13eYe W 3Heledr [Harel $hel Sgecoray
qreifdeledr AU AT 3.

12) f&arer ool fAE&e=ar Joieid O %ol [@E8e 3ifts et (Power) 9@RA (Transmit)
.

13) 4T ol TClTTeT TgoTIuT THITT Hhol Tl gAY FUTARA shell oS Ahdl d¥ /IS ol
Feogell il T deali TAEAALY TIART FOITATST ATl Yol HTaedehdT
319

3.3 ¢ T FaFAaTT YFR (Types of Three Phase Connection)

Pl HAGIAR Eld ThR 3Tg. TR FaldRleT 0T 3ol holaele.
3.3.1 ¥R FAFAd (Star Connection)
TR FAaeed ALY, AT aEE3T T AT AP (THaR IR fharaarcd) s difse Ararcar
A HISE SISl 3T, dlel-ollge] shseel 3ARe ol A (Free) TiAH AL ATerdid
STl WlISel HBFeFGUII. G TILAT aR—ell ¥R Ulige AU Sed fiedd AL oA
SITd, SATell sdgel ARG (el Glse o Sglecsl WAEI: ed 3/ d), I $al ALY,

R — Ir
R1 = VNR
INR l VRY
« N
\VNY VRrB
VNB Ine Iny @,
/ \‘\Rz R3 \
_—y —
B Y I
VyB
— B — 1

Mt F. 3.3.1 TR Fak Fdfaa (Balanced) A3
i) BT FE (Ipn): A% %ol (Phase) AYH ATEUIAT faeTd TaTgTelr ol & FEUTAI.

(i) AT FIE (IL): Tedh S HhseFel HYSA AGUNAT TAT T FaTglell el FC FEUTAI.

(iii) T RIS (Vyn): Teh ol 3MMUT 7ggel Aol Sglocolell ol cglocs! FgUII.

(iv) a8 SgleesT (Vo): &l gl #hsarel HAEfioT cglecolell olSed cglocel V., FgUH 3Hldud
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ST,
\{(;
i \A/R Ir
3 N (p o -}IB
Vw N\ , ;
\ -
It N > Vs
";, o SR ® 2 ,,\{)() | 3 D.“
* N L
‘-" \‘. \\ B -
VB < 4 < I o y
.' \ V
g S -Vr
ViR

3TFel13.3.2 TERFAFES a1 o B3 (Phasor Digaram) el

3.3.2 TR FoUd AT Bl HIc AT AST Hic Iredidid a9 (Relation Between
Phase and Line Current in Star)

TR FAFUAAEY, TSl Hic 0T hol FE ARG Al oSl Pic o Hidelcs
faeer ol ALY ARG 3g 0T ATelll 377 FUTId.
tlr=ly =g = Iy, S, |g & R BT AT AST FC 38, Iy & Y el dT ollSaT e g JATOT
ls & B %ol T ll8ed e 37g. TCR hoides [AXCIHAYIA hol e, Ucdeh hordl |8l igeT
FC |, Tderd AR,

~lr=ly=lg=00= |ph-

thel dIf$seT HYS AEUIRT ic IO SSel ATfSseT HE AGUINT & g AR 3HAl
AT HC = Tl T

|R = IY = IB = IL = |ph

3.3.3 TR FoiaereT At ol cglecsT AT ST cglecs IrdATdIel HaY (Relation Between
Phase and Line Voltage in Star)

AT gsfFecg ois # faegd varg (Electric Current) HUTeledl Yedsh thel Hefier ATI]
(Applied) SEIeeSTeT ¢ e HAET Tehcl. Y HYUT YUIYOT Ffold oMl faaRTT Scel 31,
Jddh AT fdegd yarg M0 cglecsTd IRATOT (Magnitude) TATT 37T¢. 3TA0T 310 #gU]
a1 &, =ggel dige (N) 30T I8 %ol efffeter (R) Aol Sglecot IRATOT (Magnitude) Vg 31Tg.
ITIYATY, Aaear (Yellow) %al cglecord IRATT (Magnitude) Vy 3¢ 3107 f¥ear (blue)
thal cglecorauAToT (Magnitude) Vg 3.

54|Page Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

Hdferd (Balanced) FeR JUMeNHE, Ycdeh thol cglecor TRATT V,, 3.

2 Vr=Vy = Vg = Vi

3T 390 FgU[ AT HI, TR Foares Aldheedr R 30T Y fAFAA SglecsT Vry e,
TR FoAdes Tfcheear Y 30T B ef@adaeiel cgleest Vg 3 30T TER dhaldes Afohedn
B 30T R cfAaaAdia cglecst Ver 3R

Vry = Vg + (- Vy)

ITIYHATOT,

Vyg = Vy + (= V)

34T,

Ver = Vg + (= VR)

3T,

Vg AT Vy AYET HiT (angle) 120° (ﬁ?{ﬂﬁ) 318, Vg 30T - Vy HET el 180° - 120° =
60° (Feifergenel) 3ie.

VL =/VRZ + VY? + 2VR.VY.Cos 60(0Cos 60 = 1/2)

v, = JVphZ + Vph? + 2Vph. Vph.-

VL=A3 Vph
ST Tlecol= V3 Wl Sgleca

V.= \/§ X Vph

3.3.4 TR HAFATHLY gia¥ (Power in Star Connection)
A %7 ac HihCHLA, THUT Jifaceg Uil & efgl %ol Greal=l el 3d. 7, i
el THT YUTTHEY UoT 3ifdeeg Giel = o thaf Glax
forar
P=3xVphxIphxCos®...... (1)

HIATAT AR 3Tg &l FER FoAeAHNT hol e 0T ol cglecordl Hed;

IL = Iph
Vph = VL A3
g Aed eq (1) ALY Saoy

P =3 x (VLA/3) x IL x Cos® (Vph = VL A/3)
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P=v3 xv3 x (VLA3) x IL x Cos® ... {3 =+3x/3}
P =43 x VL x IL x Cos®

A e S

TR FAREHEY lay,

P=3xVphxIphxCos®

foRar

P=+\3xVLxILxCos®

T JHTOT

gieo RatfFeeg uiaR

Q=3 x Vi x I, x Sin®

30T eleet 3MNee diaT (Total Apperent power) = S = /3 x VL x I,
S =.,pP2 +@?

HE&acA+ (Numericals)

1. TR SEadr 3-ph @13, 415V, 50Hz WagATqsl YRadl Sal. ST dEa F¢ 200 A 38
IO RasaTds ddael THor Aisr 10 kW e fuiRa

(i) @5 IB¥e=a (Load Resistance) 3fOr 4T st RUFew (Reactance per phase).
(i) 3 gTaT HeFeT

(iii) wor 3-%er R¥fFeeg uiax

I

e 3er: V. = 415V,

f = 50Hz,

IL = 20A,

P =10

kW = 10000 W

TR FAFAAAL,
VL= V3 x Ven
3TioT
IL = lpn
UL,

Ven = VL /43
=415/ V3
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= 239.6 cglec.
3ATOT,

IL = Ipp = 20 Amp.
SFYSeH W o,

Zpn = Vpn /[ lpn

= 239.6 / 20

Zpn= 11.98 Q

THuT YUt del el ST,
P = 3Vph. lpy cos @
fohar

P =+3.V. |. cos @

10 x 10° = 3 x 239.6 x 20 x cos @0
THS,

S

10000

Cos@=—
950 = 3372396 % 20

Cos ¢ = 0.695
@ = cos™
(0.695) = 45.97°

(i) o5 YERe=g 10T WX %ol RUserd:
W ot RUee=d (Resistance)(Rph) = Zph X cOS@
= 11.98 x 0.695

Ry = 8.326 0
W %o R¥Fe=a (Reactance) (Xpn) = Zph X Sin@
= 11.98 x 0.718

Xon = 8.601 Q

(i) o8 dieR hereX:

Cos ¢ = 0.695

(iii) U 3-%heT RUfeFeeg dlay:
RUfgeeg ol = V3 x VL x I x sin @
3 Vph lph Sin®

V3 x 415 x 20 x sin (45.97°)
10336.01 VAR

RufFeeg drar = 10.336 kVAR
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2. & AT Fisd, TAF 10ohmiBrew NOEsFerq 42mHTER AAFAFe HFIA415V,
50 Hz, 3-%aT ol SSad 3Med. ditideeg YraTd] IOTTH.
W

TR FaoAarlel

ssfdeeg RUsesg, XL=2nf L

=21 (50) (42x107%)

XL =13.19 Q

o7 FUS4, Zph=yR T X,
=102 + 13.192

Zyn =16.55 Q

s cglecst, V. = 415 V
3o et egleest, Ven =VIA3
=415/\/3

=240 V.

el FHC,

loh =Von /Zph

=240/16.55

=14.50 A.

CIEGECTI

IL =ln= 14.50 A.

gfaY %X = cos =Rpn /Zph

=10/16.55

=0.6042 oifarar.

UfFeeg 9ial P =3V, cos ¢
=3 (415) (14.50) (0.6042)

= 6.3kW

OR

P =3I°R
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=3(14.50)%(10)
=6.3 kW

3.3.5 3%CT Fawcs Wfad 1S (Delta Connected Balanced Load):
SoCl FASIIT HEY, ThT aATSTsar I ffeTer ga=ar thoredl FeIE i ol Shseld 3/Ed
30T 1A Fellss (Close) Hihe A,

Cz dy e R
,r/\)\
e

L{“r‘\m Kt": .
el (™ By ¥

- B

et 3.3.5.1 ST FaAdes Aied (Balanced) 3
3ocl Sisult fAzauar I1ér, a2 & b1 o Siseel 3¢, b2 & c1 e Sserer 31 30T ¢2 § adieT
3MehciAed eeifdeiear JATOT al off Sisele 36, R, Y 30T B § diel el ollgel ®hseed
FEULT HNSWeAT SATOMAT cliel STl a&el dlelclld.
(i) BT FIE (Ipn): FcAeh ot (Phase) HYA AGUIRAACT FaTGlell hol FRE FgUTAId.
(ii) ATET FIC (I): T ollSel hsehed HYsA ATGUINAT Tded TaTeTell ollgel Fc FgUTld.
(i) %o RIS (Vpn): Tcheh ST 3ilelisel [HBUINAT cglocstell %ol Sglecs! F6UTld.
(iveITSeT Sgledst (V): Gl shsaed Al cglecoldl ollse cglecel V QU la@d Sild.
3.3.5.1 35T Foiaal AT BT HIc AT ABA FIc Iredldier A9 (Relation between

Phase and Line Current in Delta)

> o — Iy

VHR

V\ I
.I,H | oB1

Tt 3.3.5.2 3o FaAaes disa Wikve O P 3Fh

Iar Ivg

Ul Mhcla®ad Fcdeh sl A faeggd Jarg & et gl (Vector) ®ah (Difference)
e,
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T TSl YA dBUIR thal hic.

Ir= lgr - Iry
Iy = lgy— Iy

Is = lyg — Igr

e lg T HEAZS (Magnitude)TTlloddA0l  cgeed  SSURTAl  FAIRYST  Hlhleliear
(Parallelogram) A& 2rehd,

lr =\ I3g + 13y + 21zyIgrCos60 (Cos 60 = 1/2)
ol HJfed (Balanced) 38 318 FgId &RT, #FgULA,

|RY=|YB=|BR=|ph

_ 1
Ir -\/1;,1 + Iy + 2Lpnlpn

L= 4 3iph

36Tl PIADPAA HLY ASA IC &l hol hic T3 TCIASTEd L.
ST FXC = 3 ol e

|L= ’\/§ X lph

3.3.5.2 3ceT AT AHAPT cglecsT AT AS cglecs Iredrdier oY (Relation Between
Phase and Line Voltage in Delta connection)
3ol Faides ATCHALY Fggd HTcdld AGeAED, hol glocol U oS cglece] FHTA
K EIGIGH

Vry = Vyg= Vgr= V|

V. = Vph

3.3.5.3 37T FAREHEY UlaT
gieR/ %ot = Vp X Ipn X Cosd
gl Ufareeg 9iaX = P = 3 x Vpu X Ipn X Cos® ... (1)
AR 3¢ HT Seal FaraeArtdiel bl e 0T T glecordl Hed,
IPH = IL W3 ... (IL = V3 Ipy)
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Ven = Vi
& Hed Glal AT ALY T0L...... (1)
P =3 x V. x (ILW3) x Cos® ... (ley = I / W3)
P =3 xv3 x VL x (ILW/3) x Cos®..{3 = v/3xV/3 }
P=+v3xVxI x Cosd Watt
AT JATO
Teur {i3ifereeg drel
Q =+3 x V. x I.x Sind VAR
37T ot 3iRe dlax = S = V3 x VL x I VA
S =.,/P2 +Q2
w&aTeA+ (Numericals)
HEATCHF 1. A 415V, 3-8 a.c. AIY dfay HM3eYE 12.75kW 3¢ 3nfor o 0,77 Affarean
Uiay $FedaT IHOr 85 cFh FRETHAHE F Fld. S AT Secl-Faide I, d¥ (a) d&ET
g19e, (b) @B FIC HOr (c) bor Fe ARTa F.
3T
HIYETAT = i} IHT3CYE/daR FeYe.
S
(85/100) =12.750 iR $iYc SATHY,
iy ge9e = 12. 750 x 10085
= 15000 W fear 15 Kw
qia¥, P=v3Vl.cos @, FgUA
S e,
L = P/ v/3 (415) (0.77)
15000/ V3 (415) (0.77)
= 27.10 A
ST FeRIAHIS, || =V3 Ip, TAHS
ot #C, | = ILV3
= 27.10 A3
= 15.65A

HEATHSF 2. i GAT Fise, YedF 100hm USEeq TOr S59e=F 42mH 3veT ALY Foige
F6T 415V, 50 Hz, 3-br Fearaell Sigad 3Med. a¥ UfFeeg gfay =t o= F.
I

3ecl heldes

VL =V = 415V,

geforeeg Rieesd, XL=2nf L
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=21 (50) (42x107%)

X, =13.19 Q

Zon =\/m
=102 + 13.192

=16.55 O

cos ® = 0.6042 lagging
ol L, loh =Von Zpn
=415/16.55

=25.08 A.

SIESE WJL =3 |ph

=3 (25.08)

=43.44 A.

UiFceg diaR P =v3V(l, cos ¢
=3 (415). (43.44). (0.6042)
= 18.87 kW

T,

P =3I°R

=3(25.08)%(10)

=18.87 kW.

Electrical Circuits and Network (ECN)

3.4 TR O 3er SaaeleT At BI& (Difference between Star & Delta):

TR FAFUT (Star Connection)

3eel ®aas (Delta Connection)

TN FARE § 4-GRX SHeaeleT T (e
gRIuTHEY. Al arR AT 31ad)

3ocl FlduT § 3-TRT ol 8.

gl YPRTAT TR FeoldR {EeH AT 3med: 4
- aR 3 - ol @FEH 0T 3 - IR 3 Bl
[

3ol FARRFAHLY, Bad 3 - dRR 3 %ol QA
qFT TR,

4 AR, 3 dRT %el AR MOT 1 IR Jeey
g (S 3 dRTET @HT o 31m).

TS 3 dRT 3ecl dhalale] hag & 3TdId.

TR SEtiiaed, fasel drRid Ue el UaT AT
fiqel Y 3R Siselel 3r@d, S8 &1 foegr
R i 398 < A < Seadid Ao
AT 8 TeEy Seidrd.

3eel FARRIEHEY, YAdh aRR ald FHT dRiar
Bpomear  Ta®ITd  Siselel 3 Fd (A) 3o
Shsole #9 dieT |ASS foig el T Sefadrd.

TR FoAFRTAT AT TGel #ggel fhar TR
gige FEUTATd.

SoCl HAGRITHEY RIS wggol ATer

TSI Sglecst 30T thal cglecol d9lad 3R,
VL = V3 x VPh

TS Tglocol ATTOT ol cglecsl TTAT 3Tg.
VL=Vph
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IL = Iph IL =V3 x Iph
TER  FaiaRld glegl caiae 3o fAaRor | 3ol FadRe HId: AT dedhdaesy aravd
ACTHALY TR AT (Vha Herel el Fealrd | 7.

3.4.1 3eeT TR TIRVT (Detla to Star Conversion)
2ecl Acdehd TUTAR FAJeT TR ACTHALY HE, AT FIAUMAT 2eel d TER FUTAROT 3T

FOTATd.

A A
Ra
R
: R, |:>
Rc Re
@ B = B

R3

1

HF %.3.4.1 3T & FER TR

_ (Ri+R3)R,

Rap =577
R, + R, + Rs

_ (Ri+Ry)Rs

Rpc =550
R+ R, + Rs

(R +R3)Ry

CA~— &% | » 1 b
Ry + R, + Rs
Grellel 3fTehcll aliel Soer Acanelt geafaa AT TR Jedsd cad.

RAB =RA +RB
RBC =RB +RC
RCA = RC+RA

IeT FHAUMAT 37T Sl oA HHIRUT Teel ITedTell Wioltel AU fAcsclTer

SATATST STaeharel Tl (Terms) THTT 3Tad.
(Ry + R3)R;

R, + Rp=——"—"—"—...... 1
4 B™ R, +R,+R; )
R, +R,)R
Ry+R, = it RIRs o
Ri+ R, +R;
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_ (Rp+R3)Ry

R +R, =—=—=22  ..(3
€T T R 4R, + Ry ()

T AT FHEOT ST ATl [Aovel

2(R{Ry + RyR5 + R3R;)
Ry +R; +R3

Z(RA + RB +Rc) =

RiRy + RyR3+R3Ry
Ry + Rg+R)) =77 ... 4
(Ra + Ry Ro) =——f—2 )

THFIUT 4 AYA FHIHIOT 2 Tl L.

RyR, + RyRs + RsRy - (Ry +R,)Rs
R, + R, + R; Ri+ R, + Rs

(RA + RB+RC)_ RB+RC=

RiR,
RA W
Ry + Ry + Rs

THARTOT 4 A HAIOT 3 Joll hedlel Tl [Hodel

RaR3

Rg=—=°
B~ R, +R, +R;

THARIOT 4 AL HHAISIOT 1 Foll hedlel ATl [Hodel

_ RsRs
" R, +R, + R

QTehdl. 37T YR, 3TYUT Soel Acddel TR dcdhded FUART H& Adhdl.

R¢

HE&ATHF (Numericals )

HEATCHAT1. Wieel HFdid STEACATIATN 36T AcaHhedl FAGed FAAT TR Acadedr
IRBEgd) AT HE L.
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R3=30Q

3Tl

R1 =10 0, R2 = 60 Q 30T R3 = 30 Q FFU Sl dAcashd g Rel3med.

3ocl lcaseal IS AT HedId 3MUcdTell TR acdshdl Jsiecad Eleltel HaY Alfgd
.

R..R,

Ry=———2%

R, + R, + R;
R,.R

Ry = — X3

R, + R, + Ry
R..R

Ry = —tufs

R, + R, + R,

alier FHERTUTHEY Ry, R, 3701 R = #HeA rehl.

10x 60 600

Ra=To560730 100 %

A 60x 30 _1800_189

B~ 10+60+30 100
30x10 300

RC :39

~10+60+30 100
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2. grelter e sngedt weher cffier A nfor B 7ed goqemtfEreeew Y arorer .
A
6 €2 4 Q
3 Q 5 Q2
50 812 4Q
B
W
AT TR T Soel #HEA dcold e,
A
6Q 40

30 50 ‘
§5n gﬁﬂ “é

6B s B

15.8-ohm & 5-ohm TIT FHATAX 3¢ 30T 26.3-ohm g 4-ohm =I1 AR 38

158||5 = 28%> _ 240

8l © 158+ 5

2634 = 203Xt _3¢q
3l T 263+ 4 7
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60 T“" 40
ANV ————AAAA
vy,
9.875 0
% 3.8 0 3.5 ug

3TAT e FER HEY FAIAX T,

[o

Ry=— Xt 199
47 6+4+9875
o 9.875 x 4 .
B=6+4+9875
. 6x9.875 080
¢ " 6+4+9875
A
80 I"" 40
AT ALY, L YATATAVL 1.2 ©
2.08 03 1.99
AAAA AAAA
A —
9.875 2 % 3.80 3.5 ﬂ%
§3.B£1 3.5.‘.1%

ls
37T g1 Hishe o FAJeT U -~ FEU 0T dholl A5 Ao,
Ras - (3.8 +2.98) || (1.99 + 3.5) +1.2

3.8][2.98 = S0%298 _ 000
812 T 384298
199(13.5 = 29%35 _ o6
99113 T 199+3.5

Ras = 1.77+1.26+1.2
Ras = 4.23
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3.4.2 TER d 3¢l TIIGRVT (Star to Delta Conversion)
TR Acdhd FUIAR HHJT Socl ACTHALY HF. AT FTYTAIONT FTER I Secl FUTAI0I

3" FEUTATd.

Ra

:> R1 R2

Rg

o Ri.R, @
A Rl +R2 + R3 ......
e Ry.R5 @
BT R +R,+R; "
Ry.R;
Rp=———> —  .....(3
€T R, +R,+Rs ®

aleT FHIERIOTIET Yedeh el IUMHR T MOT ek SisT

Ri.RZR; + R,.R2R, + R3.R?R,

RARB+RBRC+RCRA= R -|-R -|-R
1 2 3

RyRyR3(Ry + Ry + R3)
(R; + Ry +R3)?

RARB + RBRC + RCRA =

Ry.R,R;

RARB + RBRC + RCRA = m
1 2 3

(4)

THARIOT 2 FE HHRIOT 4 o HEA 30T fAesq

R4Rg + RgR; + R-Ry
1=
Rp
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R:R
Ry =R, +Rp + —2
Rp
AT 3 TE FHIRIOT 4 o R 37907 fAq
RgR
RZZRA+RB+ B4
Cc
AT 1 TE FHIRIOT 4 o HE[A 37907 A
R:R
R3:RB+RC+ &b
Ry
HEATCHF 1. T 3MPeld GAReIIAT 3eer Aeadhedr FfasRid! (Resistance) 0T F&
I, I TR AcaHedT FAJed IAed.
A
A
Ry R2
Rc=3Q Rg=18 Q
B
c R3
cC B
3

3ocl Acgeedl ISEeadd Tlelld 9Y 3TedTol TR dcaecdl sieeedcdl dedild AId
3.

Rc-R
R1=RA+Rc+ ¢4
Rp
RzR
Ry =Ry + Ry +—2
Re
Rc-R
R3:RB+Rc+ ¢ 5
R4

6x3
R1=3+6+F=9+1=1OQ

6x18
R1=6+18+T=24+36=6OQ

69|Page Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

18x 3
Ri=18+3+——=21+9=300
HEATCHF2. TR AcThell FAGeT 3e¢T ACTHALY TR F.

O
I
RiR;
Ry=Ry+R, +
R3
R,Rs
R, =R, +Rs +
Ry
RiR3
Ry =R, +Rs; +
R,

)
R,=75+5+ =125+4+125=250Q

3
=105+45=15Q

5x3
RC=5+3+W=8+2:10.Q

3.4 gqfaa &z 3y Iwqfaa s =@t @Feusr (Concept of Balance and Unbalance
Load):

> wgfaa as: d-thel RAEHAEY diay there 30T ol dic fohar 3-Uhotal oS JaTg

AT A R AT I3 ol Fdfeld s FgoTdrd.

> "qfaa gomel orest (Properties of Balanced System)

o JEWHIH YUTICT ARFHEISS 3Te FgUISTT Hideigs TN thal RIve 120 f3air

o YA® TN dGUIRT fdegdqaTe TRTTT AT,

o IR W1 @Y &Y 3 fohar 3ufeua =g
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> IrEqfaa dis: d-thel AEEARALY diay Hhered 0T thof dic fohar 3-Torar oligeT JaTs
et 38el T AT Al o IEJfAd Slg FgoTdre.

> JrEqfad yomel= oret (Properties of Unbalanced System)

o JcEHIFY HIeIgs MO $hol 3Tl faEhdI AT

o ol A ATEUIRT Hic ARG AHdl.

o TR Fwdre 3T e

TaFEII (Exercies):
(1) 3ol Acashel FACT TR ACThHEY FATAR .

o R AAAY O
25 Q

(2) Reoredr TR Slanerdatie IBesd o (3 ohms, 3 ohms 30T 1 ohms) SecHed
FATART FHIOT,

(3) A 400V, 3-%3T a.c. HleTd HiaX 313eqe 15kW 31 31for @ 0.77 ofdfarean dray Hheretar
3MOT 80 TFh HRAGTHAHE A Hcl. SR HX TR -Halde 30, T (a) JaR 5e1qe, (b)
ST e TOT (c) %l e ARTT F.

(4) SiegT Al Sglecsl dled, dogl TR HAdlel %ol Sglecald ST gid.

(5) 400 v, 3 %l 50 HZ GRESAT o HJfd Seel dhaAacs oIS SiSclell 3¢ ST oIS T
18 A 31fOT p.f 0.8 3Me. T ISTAT TS thotdl IBIEced 30T Sffced Aol

Hest areaqFaF (Reference Books):
(1) golfeFeehor Thalldloiid UTGTYEds @S - 1 - B.L. Theraja, A. K. Theraja
(2) IR+ solfdeder SR - &&r. T, Aae

HecaredT 39gFd ey
(1) https://www.tutorialspoint.com/network_theory/network_theory

(2) https://www.electricaltechnology.org

(3) https://econtent.msbte.edu.in/econtent/marathi_econtent.php?scheme=K
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gfee -IV
SieY Affeear Aead ReFerer ggud

(Network Reduction methods for DC circuits)

s fasget (Course Outcome):
sicash ReFererear fAfdy Jeydr araesT SRir afhed disar. (Apply network reduction

methods to solve DC circuits.)

g fAsusdl (Unit Outcomes):
4.1 e Acahardl A3y qdidde fFas arr.
(Apply source transformation techniques for the given network.)
4.2 ¥R /'Secl 30T Secl / TR IRade IgUdl ara®s Acas R .
(Reduce the given network by applying Star/delta and delta/star transformation.)
4.3 AY IATAHH aToET el Acash Hisdr.
(Apply Mesh analysis to solve the given network.)
4.4 A3 IEETATAT 9w et dcas Hisr.

(Apply Node analysis to solve the given network.)

9R= (Introduction):

31T 3901 JIAETS fAegd S Tgal. Ycdsh RANIHRT AT gl 3i¥eledT SeolHed
golfdgehel Aeilel § Teh WReh Al 3¢, Aihe faeaIwor g1 faegd d=eiemar arr 3e ad
Aeasd Ui ¢ Ry yeRe deas, e ada, feeyor anfor Iieaseew seger 3. fega
Jcas RRAY yeRa Fol Td, dfhe e o & Ui gciel 3¢, Capacitors 37TfoT
Inductors. IT Tehid FATSTeT MOT O ThARRT FA Sscel 3ed § Acded JhR 3Ldd.
dAcad MOT Afhe AT Areqial Tehd 37 3. AT FH{UNA 3907 Acdehecae Hial HeAHd

4.1 gféke (Circuit):

4.1.1 39er Wike (Open Circuit):

39eT |ie & e [Ngaeher (Points) faegd warg (Current) Tfsa groarh Rl g, s/ &
greller foig 1 3mfor 2.

3MN9eT FfheArd e (Current) HAREaqor o= 3m8. 1 = 0
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3NYeT Fehieear cgleest (Circuit Voltage) TR el ST A (& e 309 Tfhe 3nfoy
34Ra afdreear faRewonde e erd). affc ALY glecsr (Circuit Voltage) V = 0 faar
V= oo 3@ fOR FIOT & IF 3Ie.
3CTR0T FEUA, HHSIT Sl Wiellel WidheALd, dise 1 30T 2 d@iel R1 gaR SIsdlel 3Ted; Tehal
3T9uT R1 FEfer cglecsl fohdl 318 3T faelvuT shedmar, YU 39T Afthe A Sglocst
el
QI (Lastly), 3usT Afhedrdr (dige 1 30T 2 TIT &IFATA) R =

Open circuit Short circuit

|l2 ‘ ‘34
VW vW——¢
R, R

1
V ==

et 4.0.1 3ueT FiHE (Open Circuit) 3fOr 2iie wiFe (Short Circuit)

4.0.1.2 a¢ wfke (Short Circuit):

A& gidhe (Short Circuit) 7gurel alier foig 3 30T 4 Hefiel aef fogHENeT qUT eterRroT=
U,

e AfdheAtd Slecs (V) AREaTor g 3.

V=20

e Aftheean faegd varg (Circuit Current) TR dhell STt #ATET (8 Hhekel, MC Alehe 0T
3aRd AiheeaT TaRINUIT 36 2hd). SATEATER [ = o fohal [ = oo 3@ faER #IOT &
Teh HATT b 3Tg. 3EGI0T FgU, wafld ear i alier afdheaed, dige 3 3nfor 4 39Ra
gfeelt Sserer 3mgd 37O Uise 3 .9 4 § R2 o AATAR Sisolel 38d; Ushel 3M9uT R1 #efrer
faegel Jargre faRelNoT Fedrar, 3oy ¢ AlheAtha Fc (Current) SETel Fabel.

QI (Lastly), Q¢ TheATS R=0 [= o

4.0.1.3 ¥ Acahear Fafda FE IR+ ' (Basic Terms).

1. |fée (Circuit): § Safdgara TaldcHT (Electrical Elements) 38 H3IST 31T¢ SITGAR T
(Current) aTgdr ATl Hiche 31T FEUTATA.

2. sieas (Network): § Afche 30T Toldcad (Elements) I TAISIoTell sicdeh 3 FgUTATd.
3. gfAeiexa (Unilateral): § 3@ #Afhe 3 ST W#He(parameter) 30T &fdheear
FIRNFCFRITCH  (characteristics) FTema=dT f3¥heueT (direction) AR (fAegd wargrear
feele) sgerard.
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4. SClex (Bilateral): & 3@ #f%he e STHEY Qg fade fagga vargrear fear @
I WrHAe(parameter) 30T FARFeFeRTEEHA (characteristics) faegd vargrear fgad=
deeld ATeId.

5. A5 (Node): 8T it fahdT GITUaT SIEd Teldca=aT (Elements) TRER Sirsufrar fdg (Point)
3T Tl AlS 31 FgUTdrd.

6. M@ (Branch): g e fohar NedeT Sed Teieca=ar (Elements) TR NS0l daR
gIdl el em@Er (Branch) 31 FgoTdTd.

7. 99 (Loop): & Wikcatel qul sig AT (closed path) 3¢ 30T ATHEY HIUIART TeldT
(Element) fhar A5 (Node) THIIET ST dBT dATIRelT ST Ta!.

ars, ArET for o

Jcasd ¢ Teldedd (Elements) fohar 3ushiond (Devices) SeiahaiahelsT. (interconnection) 3TTg;
Tfhe Tah sicashichdl 318 Feilsl I1T (closed paths) 3 EdTd.

' @, ' o9 T 'n' AISE AT Acdehel n/w TAT YAAT (theorem) WHIEHIUT Wreiel
YHATOT 3.

b=1l+n-1

4.0.1.4 2ATET FEUTS HF?
Tsh AT ISIEeX (resistor), HUBT (capacitor), $5eX (inductor), c@lecs fohaT Hic AN
(Current Source) SREIT 3Tl Ffche Gedh (Parameters) g2iad.

50 30

:«Hﬁj-ﬁ 4.0.1.4.1 wfkeatia eam@T (Representation of Branch in the Circuit)
ECAELILH
3Thell 3. 4.0.1.4.1 7Y ERifdiear FihedTdr, Tre ATGT 3Med. Uh 10 V cglecst HI3ME, 2A
e A3, 4 Q, 5 O, 307 3 Q I (Resisters) 3.
I FEUTS HIT?
A5 & AfiheAa v g 3mg 51 e fhar aiftes afde vodicw (fhar eman) Shseear
3T,
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A > . 30

o D

D

Mt 4.1.4.2 wikeaeier a7 15 (Representation of Four Nodes in the Circuit)
3eTEXTTY,
3T . 4.1.:4.2 FLY gAfAeTyA, aliel AiheALA IR AlgH 3Med. =15 A, B, C 37for D.
4.0.1.5 99 FgOS FIA?
Gicheatiicl HIUTCIE §¢ HFAT ofd 3 FgUrcd.
oJ 8 Ueh §¢ HET Qg Sil Ul AISUNGS & I3, Alsaedl 9 HYA Sicl 0T Tehdar
SITET Aa8T hIUCATEN AlSHear He (Sets) HYA o ST FIATAAT #AlSaR Tl Il

A Q. 30

MFl 4.0.1.5.1 wikeathar qua yfafafdca (Representation of Four Loop in the
Circuit)
3TEXUTY, 3Tl . 4.0.1.5.1 ALY aifdearyaAoy, wffeaed die o@ (Loop) 3med.
afgell 99 A-B-D-A 378, §ERT o[d B-C-D-B 3img. 30T fa—r @ A-B-C-D-A 3iTg.

4.0.1.6 AAY (Mesh) Fgurat H1I?
A g1 AlheANST Ueh §g AN 3M1E, SAHLT ITAT 37Tcl GERT FHIVTAET §¢ HET A

75| Page Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

3GTEIUNY, 3Mehcll %. 4.0.1.5.1 ALY SATAeATATD, 0 1(A-B-D-A) 30T &@ 2 (B-C-D-B)
ALY ALY SAT HIOTATET §¢ AT AT 30T @ AV 3801 Aed. o’ oF 3 (A-B-C-D-
A) FEI o 1 30T U 2 318, FULA, el AU (Mesh) FgoTAT AUTR =ATEY.

Ale: o0 FAEY ALY 3 Al W AT ALY [T A,

4.1 {3 qdiade (Source transformation)
Solfeehel Hishaqear &Td, JFer 3regerdl HRAAT 3@ fohar fagmelf, W3y adad= (Source
transformation) § U HgcdTd AT 3. & T oF g of Aol dehed (Complex Circuits)
ol A, g Ao 0T WY . R, FI3H GRAAATEIT Heholsll JUIIOT FHST
U31d.

1. W3 gdiade (Source transformation) Fgorst H1A?

3R T, ACYAT & U6 degd 3 1Y Yeieevde als AT cgieest A3, e
I3 (current source) JIT A WIdcTeT & Ahdl ST 1o JeT€ey o7 ST AL cglecs
I3 § SFYegelc Fc A3 ALY dgofel oArd AT <a1 Weldl (Parallel) ALY Shsard
3for 30T AT3EICEr Fel M3 2Ahd.

2. W3 gliaclal 3UFA T 3Me?

TIATOT (Simplification): TI3E o Widdel Sifcel Afhedd [ARe¥OT AT % Ahd.
cgaTfaferer (Versatility): & @fehe Uiseldd (circuit problems) EBHSUIRAST ToAdT (flexibility)
ved ad, ifRdcaiar fafdse favevomardr daia J9 geyd araRuarE Wartel gd.

3. W3 gdigdsT (Source transformation) o af@w:

A) ees WA (Voltage Source) & FIe A (current Source) ALY Rader: Bl
UET R HE cglecol W3 V o WA (equivalent) e @3 (Current Source) HEJ
TUTART Fel S Ahd AT dadt WS (Series) AT R o IRl (Parallel) ALY seofor
IS .

e _ {

Vs > .
O =2I0R &
N g
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F{c WA (current Source):

Vs
Is = —

Rs
gdR feeler 31Mg.
Ate: A3 Wadar Ir&r (Source transformation) cglecst T3 (Voltage Source) & Fie
T3 (current Source) T HAJeT (equivalent) 3HUT 3TaTF 3Te.

B) #ic WA (current Source) T sgleesr WAH (Voltage Source) ALY IR Hc TN
(current Source) IFFeX R o f&leT ALY 31 I FAJT (equivalent) sglecst A1
(Voltage Source) ALY FTUIARA shel I3 Ahd AT A TRl (Parallel) I3HeX R o a1
(Series) ALY dEolUl IR 3.

. y.
=y
Ln
>
" * b

|
|| |
T Yidead (Practical) eglecst A3 (Voltage Source) 8T &I A (current Source) gak
Jeoldl T3 Lrhdl 0T A3 i@ HE Ahdl.
T ATHTS,
cglecst 3@ (Voltage Source) T #€ W3 (current Source) TAT HHJed(equivalent)
30T 3TaTh I,

Vt = Vs - IRs Vs - ItRs since It =1

forar,
__Vs-Vt

It =— e, (1

Rs

FEUT {c WY (current Source),

Is =1t +E
. Rs
fohar,
= _nn
It = Is oo e . (2)
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(1) and (2) Jei=T (Comparing) &edTd,
Vs

I e
S Rs

Tsh cglecol A (Voltage Source) Vs Sar=adm I3esd Rs & 38 T oIr<ar W ALY

TAJST (equivalent) e H3H Is (current Source) 37Te.
Is — Vs
S~ Rs

e Rs WeTel (parallel) 3/ 3.

YleotdT &. 1: 3Thellc SEEcATIHTY e W3R (current Source) HTS HAJST (equivalent)
Sgiecst A3 fAadr.

1O {jj} é 20 ohm

Is = 104and Ry = 20Q, Vs =?
3 (Solution):
V, = I *R
V, =10 % 20
v, =200V
20 ohm
‘ - = Ny
S
104 (4 T 20 ohm 200V ( 7 )

78| Page Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

Yiead . 2: 3holld GRETITIHY Sglecs IR HAS AT (equivalent) e HI3H
(current Source) Faar.

50V

Vs = 50V 3mfor R, = 30Q, I =?
3 (Solution):
cglecsl HI3TA (Voltage Source) T dic HIZRA (current Source) ALY Radel axuaredm
THAIUT AR,

Is 2 Vs
T Rs
/s & 50
$ = 3
Is =1.66a
A
1.66 A
®
30Q
B

4. 3ifSade=a (Applications):

o gfde AT (Circuit Analysis): fafise aRTEIH FER cgledsT A3 (Voltage
Source) fRar @<c T (current Source) AR TsTllAd HUT AT gl 30T A3
wdciel @R HTUT A SIFATT Fol & Ahdl.

o FAYSer NOT A THATARAT (Analysis): FIET THOUTHEY, THY FAAR A1Sel fohaT AR
faeeyor 31f8h W de1q .
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o dfaww O A& A3RA (Theorems): § FAod: A Wadara ffCerherTd
3R, S Githeor cgrear Hald 9% AT (basic equivalent) Hihe THcTaUaT
qed ele .

4.2 TeRr / 3oer AT 3eer / TerR 9Rade (Star/delta and delta/star transformation):
SolfFchel AcaFdal Udh IAF o7 fasg FEURT IS@ell SiTar 0T Aol A 3eiehal
THGIF 83T Sld. dUMY, TER-3ecl 0T Seel-TeR  SOhiaed ARG fFas
(Technique) HHASET Bdedll g1 YaTd 3 o3 §13 Ahcll. g iFeTeh THATAE 90T 3
ol Feraelelell Al fHeel HITHINAGHEY (configurations) s&el Ashecll. el dl HIA, AT
COmIERIA (transformation) efFater T ATfgdY O3

1. TR FAFUA;

SiegT Toldied (AEeex, FU@er fhar sesdex) & Y [Far TR ALY THAPET dade dholo
AT A AT Gige N EATell AT FaAarlel o1 #g¢el Gige FgUTd.

STAR/WYE (Y) CONNECTION

3Tt F. 4.2.1.1 TR FAFAA (Star Connection)

Three ways in which star connection may appear in a circuit.

o—W—y— N0

MFr F. 4.2.1.1 TR FaFra FIogredr fafder gqud (Different way to connect circuit
by Star Connection)
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2. 3T FAFUT: Sicgl Todleqy (e, HURAeR hal sesex) & MUTIHI Hale gan
Teh HA dIR FATT ATl Soel holdelel 3T FEUTAT. AT FHelaled HET Foldelel UIsc
ST

DELTA CONNECTION

Delta (A) network

B

3MFdr . 4.2.2.1 3 FaA«A (Delta Connection)

3. TeR-3ecl AT 3eC-FeR TAPIARCH FgUTSl HII?

solfdgael SfSIRET (Engineering), Tfthed 3iaser fafaer sifewmREH ey 3add. Ter (har
1) HifehaRer 30T Seer (fhaT T) HIfehIne § alel Hald HAYT 3Med. Acdsd fdegd
TUTH I IRecieT feFeieh GaR 3MMUUT IT FHITHIRIAHET deer (Switch) & rehdl.

4. TeR d 3eer yRads (Star to Delta Transformation):

TR-FaAdc holedl ST A AT FAJeT Socl-dhades AcHEY TR FUATATS:

« ¥ UFET Rq, Rp 30T Re 319 &AT. FAJed Socl T Ry, R, R, @R feerer
3R

alel YeHTAYY 9UNE Ao Hihe (Equivalent Circuits) ffesq erehd.

ciHAced AB aX FIET cglecst I3 61 €T,

A A
Ra
Rb Rc R2 Ry
c Ry
A - c
‘B ‘B

el %. 4.2.4.1 TR q 3T IRGc (Star to Delta transformation)
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Req = Ra + Rp

Req = Ry (R; + R3)/ (Ry + Ry + Ry)

FEOL,

Ra + Rp = Ry (Ry + R3) / (Ry + Ry + R3)eeesrseserssrssris (1)
ATIHATOY,

Rb + Rc = Ry (Ru+ Ry) /| (Ry + Ry + R3)iviivunnnii. (2)

Rc + Rq =Ry (Rs #+ R_1)/ (R_1 + R, + Ry3)eiim. (3)

HsEchiedr (Subtracting) (2) from (1) and TE3T (adding) to (3),

Rq | = 'RiRyl (R, + Ry * R3) s (4)
Rp = RRsl (R, + Ry + R3) s (5)
Re = RyR3l (Ry + Ry + R3) e (6)

Ry, Ry 30T Ry o SECT HeAdRldd § HHJed FCR FholdRlel AT FHIHROT (4), (5) 3fOT (6)
A fEear geyg o R &% el

5. 3eer d TR gRadeT (Delta to Star transformation):

Seel-Fhelde holedl UBFFEX W< AT AT FER-FaAdcs ATHEY R FHIUATATST:
seel USET Ry, R, IO R, 319 AT AJeT TR Rq, Rp 0 R USEXR @n el
3Ted:

(Ry, R; 30T Ry I Socl Fadaeled FHIFROT (4), (5), (6) AN Hedidg TFAIT TR
helaRIIGaN SGolel SIS 2Aehdl.)

Multiply (4)(5); (5)(6); (4)(6) and then adding the three we get,
RgRp + RbRc + RcRg = RiRyR3 | (R, + R, + R3)

Dividing LHS by R, gives R;, by Rp gives R, by R. gives R;.
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+ A

- B
Ra
R R
- 1 Rb Re
R3

M ————c c
+ B o -

Ml . 4.2.3.2 3¢ 7 FER IRFel (Delta to Star Transformation)

Ry = (RaRp + RpRc + RcRq) | R¢
R2 = (RaRb + RbRC + RcRa) / Rb
R3 > (RaRb + RbRC + RcRa) / Ra

6. 3 TCershereT MO sFqicew (Applications and Importance):

1) FafFafafad nfor @A (Flexibility in Analysis): FEr fehe TITRT TH
FITHINYAACY GE-ITIaT 3Hieeh T (straightforward) AT, Hifetharered
eIFAT  dcol auarT Welfadiaferer (Flexibility) 3mfoT 3rfaif@®& (Analysis)
FIOGTT FfShaT ForeT FI0ATH Hed FIATd.

2) arstadior wfde s (Adapting Circuit Design): 3TaRTHhcIER, AT
fBemgiaicy Afthed HEY 3fefdhel Feel O HTARTSH 3N Ahd, SAHS & 3TIAA
(Adoption) #HgcaquT deleld,

3) sex@aATdesr fATEFT - (Interconnecting Systems): 3hal,  JIAIHII
PIHINATHEY B35S holedT [QTCHT THABRNT SNSUT HETF 3TA. &
cahiAe=d (Transformation) TfehedT areutefafeicr (compatibility) =T Sgerar
FEITAIAT GiARET .

YleadT &. 1: TER/ATET fFaT SCTRTR TGRS AN F6aA el LY Fradaa
decqd WUT & FAJed (equivalent) RAB e
dle: Arpelidier ¥d WPFeT & 10 o 3mea
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A

Bo
33X (Solution):
C E
A
Ry
. D F

faorer ¥ UBEe Ry MR, & QNS #7e 3
“Repi=1+1=2
méaﬁﬁa—?rCFTFaT%mWﬁa’lgww%’
“Repp =1

C d F & gl el UIY & Siisel Mg 76U,

(2)@) _ 2
RCF = RCFl” RCFZ =) ” 1 =m=§= 0.667 Q
AT,

Rer & Rpp <1 WS ALY 3MTel UL,

Aar C a D 9T @ ¢ 1Q 3T o Sgar 39
“Repy =1

HT C @ D ¢ Glel Ulelel 9T1Y o SiISel 3Ted FgUL,

_ _ _ (1667)(1) _11.667 _
Reo = Repill Repz = 1667 Il 1= 127 = 2= 0.6250)

I - -
A
RAB:E 0.625 Q2
B
10 D
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AT ACD 3oel o HAJed TN ALY IREde H&

_ __(Rac)(Rep)
(Rac*+Rcp+Rpa)

_ (1(0.625)  0.625
T (1+0625+1) 2.625

~R¢= 0.2380Q

R Roa)
(Rac + Rep + Rpa)

_ (D) gy A

T (140.625+1) 2.625

~Ry=0.380
(Rep)(Rpa)

"~ (Rac +Rcp + Rpa)

_ (0.625)(1) _ 0.625
T (140.6254+1)  2.625

~ Rp = 0.238Q
A 1Q C A C
0.238 N
10 0.62502 E> 0380
D 0.238 D

A C

0.238 2
Rp ) 0380

0.238 0

D

1Q

RAB = RA +RD +RDB = 038 + 0238+ 1
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“Ryp= 1.6180Q

yiead &. 2: FER/3eET fFar SCTIRTR TEAGRAT 6] F6A el AL Fradaa
dAca® HIT FEA AT (equivalent) Rp, M.

500 A
i iVAAYA
1802
6 O 6 O
B C
6 QO 1802
Qe
D 60 E

33X (Solution):
arIel 3MMepcilcl gifdear JATOT A, B 37101 C #tfiel 6 0,6 Q 3701 18 0 & ISIeed
Socl elaRls] Gd shelde hel el 3Ted g AT TR ALY &S]

:RAB*RAC

4 TR
R —6*18—369
A 300 1
R —6*6—129
B30
R = 1826
¢~ 35 JHa

6 E

37Tl @l 3MTehclicdlel 5 Q 30T 3.6 O, T&T 6 Q 30T 1.2 0, a8 3.6 Q, 18 O 30T 6
O & AT ALY AR Il ST ¥,
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8.60)
P AN

7_2Q§ % 27.60

Qe

el 3Thell GAOT 72 O 27.6 O ¢ ThHABE IRelel d 8.6 .0 o T&llel ALY el
Fe UL,

N

7.2% 27.6
7.2+27.6

Rpp =8.6+ =14.310Q

Rpy =14.310

4.3 AY IFATAAT (Mesh Analysis):

golfFgehcl HfHTH § Selaclehel sicdeh o1 Hgedrdl HET 3Hd, [AAYT: Sicgl TFerse oI
TehAehIc [Whcldl. 31T IRTEUHT, Flehe IETAEE T, S AT ALY el ad Heeard!
HIART IR USdld. & Yeud Siicel AfheH o FAT o, I dclel 38 egrashyor
THSST HUATH Hed . el ALY FATATEHTAT HeTAlgeh STamar Mer 83T,

1. A AT (Mesh Analysis) FHs[ HOI:
AL FATATHE, TATS T FC FAAaE 38 Fgulard, & Afdheear gcds A fhar
"R Held: AihcHAdIT Teh o¥ g SAHEY AT HIUTAE! o T AHId.

2. AY Iefaf@udr If@% (Basic) ATfRd:

A. HANT ded: A IATAAH FATTAT fFaihar egrefst o (KVL) aX el ST, ST HioTd
I UAENS HG cglecordl eaiisieh HH (Algebraic Sum) =T 31Hd.

B. ALY AT AT FUATATS! FTTH (Steps):

1. A9 3@ AifheAticl @9 AY HSGA TR .

2. o HCH TAGFd I Tcdeh A off Ueh T e o (g @l

3. KVL @] a1 Ycdeh AAS, Hd Sglecst 39 (Drops) 30T TS (Rises) oi&Td
93 KVL FHRI0T (Equation) ToIgT.

4., FHIGIUT Teh Tdh kel ASAl: AFHeCTAFT FHIGIOT (Simultaneous Equations)
dTa&e], AYAT FC (current) ATE.
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3. gAY (Supermesh): Sicgl &l faffi== AT (Dependent or Independent) & Tehd Fe
FI3 (Current Source) & el (Connected) 3T degl ORAL TR Elll.

60 100
AMAN " l \-\ A
S

v (¥) T

fi ’

___;_
=)
S
)
e
=N
e

\supermesh

Exclude these (b)
(a) elements

(a) Two meshes having a current source in common, (b) a supermesh, created by excluding the current

SOUTCE.
Yiead F.1: HFdl AT FC iy, iy, i3 AOT iy AT
2Q
y |
| |
l I | :
; 1 -
i |
1 1 | = | 40 20
P : 4—» - AA
; —r P (B i M o M o o B 1
bf | 5A , T%
-- . 1.8 it b
6Q : i) VO3, (i3) 1+ 38 (ig) (2)iov
< l ’ ’ | > ’ v
|
S ssnsrsn sl s AR A A 1

Hregere (Solution):
Ae: AY . 1 30T 2 § T AT TIdT Hlc AT IRd 3T Idid Teh
FOAN TR gid 38,
JET AU . 2 30T 3 § Th HiAA 3Usc Fc AR dIRd e aredidel Th
JURAY TIR Bl
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aHT ¢ Gl GURAN UhHBIAT ol oA cAred] HEY Teh ook JIRAY TIR
GECI
EAT STok A KVL aroledry,

fohaT,
ll+3lz+6l3_4l4=0 .......................................................... (1)

fBUse sl AT FTT A Q of KCL au,

iz = i3 + 310
9,

9

io = _i4

FEUA

SN

P <1 /R er(3)
ALY . 4 FE KVL a9,

2iy +8(iy —i3) +10=0

e,

iy — 4iz = =5 | seeeeeeeeesomssssesseesessssssssesseesssssssseseoeas (4)
el FHIEROT (1), (2), (3), 3707 (4) FER,
iy=-7.54 i, =-2.54 i3=3.934 i,=2.1434

Ylead F. 2:
Trellel HiheALA V4 T Hed QAleT.
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20 4Q
ANV AN\
v —
s5v () & 3 v
TN 280 5
-
Hregere (Solution):

¥Y 1: THOT 15 (Total number of nodes) 3fer 4 &5 n0, n1, n2 and n3.

-
i 20 = 4Q n3
AN AN
I T

SV ( x ;:I 2 l\.: ) 3V

. :f; 802 Y b

— n0
Step-1

Y 2: AS n, o WA A3 (reference node) TV AGs. YA 1S Vo = 0 3O
gAY 18 S@leco Vg, Vo and V.
Y 3: @I 40 fF, n, I Al Fleed § $W A5 Sglecol 4T ¥ 3Te.

)
Vi 20 Van 4Q

.I‘J“IV'.‘\I .\ ‘|~,'\|.,’\.ﬁ.'

‘ :: . * v0 -

N A —N
5V (i ) 1 X 2> i (s )3V
> o g 7 28Q 3 -

Step-2 and _Step-3
¥d Al HgA FE T AT A X,

. VnZ_an — Vn2_5
W=="7%" =73
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. _VnZ_VnO_VnZ_O
T

in = VnZ - Vn3 _ VnZ - (_3)
3 4 4

AlS n, & KCL a9,

i1+ iz + i3= 0

0

Vn2_5 VnZ_O VnZ_(_s)
2 g 4 B

T gHwor Fsfaea,

Vn2 = 2 V
FC iy :"11%(‘3)%: 1.254

Ohm's law YT,
Vy, =i3 4 = 1.25 * 4 = 5 volts

I A15(Super node): TH-AleT IFIwH AWl A15H( non-reference nodes) oY
ARl FATGY SiSdd FIVAET Heh JAHED FASdd Jdaiad fhal Fadd sglees A3
Hedd HTA FULATS TR gl

" gw N\

4 Q o~ Supernode
— AANNA | &
\ '\__/ ,
- + s o = - —
21V(E) 3= v 20 = = 6Q
—— < = _]> -
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wfde wtfiar 9@+ deft g@n Rerer Fte ar

5Q

AMA A

4Q
,A"p.“a",\?‘-_

Hegere (Solution):

o9 .1 grér

20 — 511 = 3(11—-12)-5 = 0
e,

811 — 312 =15 (1)
o9 .2 e

5V

By

—4I2 +'5 — 2(12-13)+ 5 +5—-3(2—-I1)= 0

fhar,
311 =912 + 213 = —15

T .3 |1
—8I3-30-5 — 2(I3-12) = 0
fara,

212 — 1013 = 35
On solving, we get

(2)

)

765
11 =—24
542
12 =54
3mfor,
1875
B3 =-—0

5y _ 765
299
B3 = 12+13 —2965A
B 598
o _ 1875
598
92|Page

Electrical Circuits and Network (ECN)

Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

B2 =11-12= 220A
B 299
B4 = I2= 545A
7299
4. AY FATARATT BRIT (Advantages):

« TARcHIcH (Systematic) TSERIA: AL il T Teh WA FRIYSHAT (structured
methodology) YeT=l &id, &I IRUTH FiAfRed & (consistent results).

* FHIT HHAT FHIHON HIET HIHCHATS! AlSel HeATA T ololdl, A Ao HST HaAl
THIRIOT TS IFAd, T ITHd IfhdT FoIsT .

» OTAT JArsgdT(General Applicability): & AC 30T DC glegr Afhed TSN TRl IS
rehd.

5. o= (Applications):

1) a1 o (Tools): A IFATATE & TR selfFeawe STanamiiar
IFITEFHAEY Aol SR FHeFed 7 3.

2) wfke fBzmsar anfor fiafder (Circuit Design & Debugging): 3ifAad fSsmsa cooara
GiheAT Il 3iETsT HUITATS! 30T TIroft eoedTcdiel TAT fAaRoT Hogrardt
& geud drodrd.

3) FFcaay Hfhe TATAAHT (Complex Circuit Analysis): Sosciiaida<ar &Td),
fQIve: venlicHs AihcHATd, dTfeFdsh o[d dcied HHASET HUT Hgeaqol 3¢ 30T A

4.4 M3 IATAAT (Node Analysis)

Solfdchel FUlsiee (components) Sifed Aeaadr AT aXdrer, afaer sexderersT fFar
STeRRHalIel (intersections or junctions) adeT (behavior) ¥ SEFUA? 3 AlS
AT ATATAT ATFARJATST T TR, INUBIT TISCAT UeleT hdved, aAlg ATl ag
golfergehel Aithead! Il HHASET YUATH Hed . el AT TARANUTHS YeHdiear
TS IAEYOT JaTEH & HE&IT.

1. A3 AW FASE AU (Understanding Node Analysis):

A8 3TIad, STl A5 cglecol 3eiteiad (Nodal Voltage Analysis) 38T ¥gcor
ST, Teh YUl esdienlel 3ig it dfheaAthar fafdrse fig frar Aigw av sgiecsr (3nfor
AN, Fe) AR oA arawer Srdr. "5 &1 e &g 3mg 1 aler faar
310 Tfdhe soldcT (elements) SiSerel 3 AT,

2. A3 FATAfATAT 9rAT (Foundations of Node Analysis:):

A. 7iIEg Wfegud (Core Principle):
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AS ATl Ad fRaThedT e @l (hAIvd) gaR ddR sl 3l 318, of AR HT ASALY
JART HLOTAT 30T WISUMAT HE el Hoailsish §A (algebraic sum) e 31

B. M3 fafdd FUIETS Feou:

1. A5 BT cled Algq o g&ar Af¥ad &

TECH2: YhH A3 (A3 A1s) FeueT A [Aasr. 3aRa n-1 Agwaw sgleca V1, V2,
V-1 TATFT 0. Sgledst § Id aAsel Hefdia 3redrd.

aA133 AsALY 0 () eferraer (Potential) 3Tg 3 I &l ST

FTH3: YA% n-1 dled I8 (non-reference) #gHaY KCL o] & S Sglecoredr
TeTd ST e AEUIT IS NgHAT FId (Ohm'’s law). aTeRT.

TETH 4: 37FA0T AsT (un-known node) cglecsT RBIAvATETET IROmHT FaaoT
(simultaneous equations) &Y.

a) faegd e 3= &TAAUHS IRIUFINS FHAT aTHdhS ST,

b) SR HeH AIE MO AlAIPH A8 JeIHLT Sglecsl AT SSolell 3, dX QN3
Blecoedl U AlA-IPeH AI5aY Blecsl d¢ Hl.

C) TETH 4 AU Tehradodl HHIHIUI HISTUITATSI Wellel TGEcl araldr deirel.

1) gegrd 1: fAHeT aF (Elimination technique) (F#HT FRUTHATE aTe)

2) deud 2: Higad 30T cgeFeteal HeHTd (Ax=b) foigr Ak s#ar fg# (Cramer's
rule) aTaT.

3) Yetrd 3: HAUTh fehal shoergeley ATl (Use computer or calculators).

Yisol A &. 1:

3ehcll HEY GrEacledl HAfshe ALY &S dlecs] AT

-
-

Hregere (Solution):

feeear g As (supenode) HE 2-V @13, &l 1 30T 2, 8T 10Q e 3¢, 309G
el 3Mepell ALY W A5 (supenode) ATET KCL aTa,
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2 - il + iz + 7
Expressing i; and i, in terms of the node voltages

8=2v,+v,+28

Or
v, = =20 — 21, (1)

vy 30T v, AR RARE Mervar arér KCL ara&et 3Tehell FHTOr

SLE]

v, 30T v, Aeliel Ha ABAUITATST 3Tehell HMeT Hieheal KVL o] el ofd ay 3ol
(Apply) e,

'171_2_172:0

v, =vp+2 (2) (2)
el FHIRIOT 1 JTOT 2 @R TYOT FAIRIOT 3 Wellel FATIT forg Aehell

1% =v1+2==_20_2171
Or

v, = =22

v, = —7.333V

30T v, = v, + 2 = —5.333 V. *f&lld &dT &I 10 Q IHEE HS FIVIAET B YSUIR &ATer
FRUT d FURASHEY Siiselel 318

gisld &. 2:
IMFl ALY SrEaeledr Aihe ALY T AT dlecs AT
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352

10€2 _/\/\/\/\_ 20
VWV —

32
o €]

10V 552 S5A 152 682

Hregere (Solution):
318 T ¢RT o Als 1 I HY HE e ST 3Ted

i-10) (h-V2) Vi (A-V2)

10 3 5 3 0
01/1+1+1+1 V21+1 =1
rVillg ¥3 53l [3+31=
0.96V, — 0.66V2 = 1 (3.36)
318 TR T TR Als 2 UTge HIW hic ATAREd Fd e ded el 3778,
WV2-v) ~(V2-1) W2-V) _
3 - 3 + 2 s
2 V21 1 1 V31 .
v [31+ V23 +3 4 5] (3) =

—0.66V1 +1.16V2 - 0.5V3 = 5

39 A O R AlS 3 UREST §E Sie STeX ST 3fed

(V3 -13)
2

V3+V3_O
1 6

—0.5V2 + 1.66V3 =0

AT ar f@TH (Cramer's rule) ara¥T,
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1 —0.66 0
5 116 —0.5
V= 0 —-05 1.66 _T154 ¢ o6
096 —-066 0 0.887
—-0.66 1.16 -0.5
0 -035 1.66
21,
[ 096 1 0
—-0.66 5 —-0.5
Ve 0 0 1.66 _9.06 _ 5
0.96 —066 O 0.887
~0.66 1.16 —0.5
0 —0.5 1.66 |
[ 096 —-0.66 1 |
-0.66 1.16 5
Vs 0 -05 0 |_ 273 _ 307
096 —066 0 0.887
—-0.66 116 —0.5
0 -0.5 1.66
v, =8.06 v, =10.2 wv;=3.07

gisdld &. 3:

3Tt ALA qrEadedr Fike ALY g AlsT dledsr o

I

6 Q o)

@

2Q

Electrical Circuits and Network (ECN)

VWY

Hregere (Solution):
Al 1 &1 KCL a1uw,
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g vi-ve
S 2 6

feha,

0.66V1 —0.166V2 = 14

IS 2,

vi-vz_v2
6 7

feha,

0.166V1 — 0.309V2 = 44

Electrical Circuits and Network (ECN)

(2)

e gHiHIor (1) T (2) AR,

Vi = -2.01V
V2 = —-14.02V

giedd &. 4:

Il ALY GTEaoledr Aike AL T A1SA dlecs AT

Hregere (Solution):
Al 1 o KCL a9,

Vi V1i-V2

~ 1A
-_l

6

s 2,

6 15 10

(2)
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T AT (1) 9 (2) M,

V1l = 18V
V2 = 12V
3. a3 I=fafaud BRI (Advantages):

» @R gy (Structured Methodology): A1 3EITAfEd T ¥FasC (clear) 30T
geEreTeiR(systematic) Sfsham Yelel d ST 3TEOT 0T HY 377¢.

« iR (Efficiency): 370ET AlsT 3007 el ALY ToeAT AfheqdTd!, § dF el
A AT TeTT 3718 HRI&TH 31 rhcl.

* g7 @[ (Universally Applicable): #1S 3=ifaifé@ AC 310 DC &legl Hiheqax AT shol
SIS Aehel, SAHD d Jfiegdier (Universal)gia.

4. FgearedT ar€l (Important Considerations):

* KCL & 3daqet: @ils el 3rgehal KCL =T J9Y areRray deissl 3Hd. a1
RO IehlHD Jehld TRUMA (results) 13 Ahelld.

o e WY AT FI0 (Managing Voltage Sources): &l AAIRH AgTeTeiel
locsl T 3ol HiheHall AlS el el FHIETO! o] FIUAHIS! "Fuialsd"
IO 3TaRTH 3R

* Higar wfFcaate Far[a (Complexity in Larger Circuits): @fshed Siesiel Sifeerad
aTedTe Tl TR0 SHIUITHTST FHIRROTN HEAT a1g Ashdl, 3T&h Hldeiqas FEUAT
(meticulous approach) IRST dTed.

5. 3ifCarher=q (Applications):

o &1+ 817 (Educational Arena): IS 3ATIfAT 8T STIIRIIAT Solfareshel AT
IEITHHATAT HTAHTST AT TS,

* gFeiia® Hihe HdATarad (Electronic Circuit Analysis): faWd: Taifcrs Afhecaa
8ATd, Folacliater Afshed femss fhar wREaTfaRor avor=ar JfAFcarardr & va a-¢ AYs
(go-to method) 3TTg.

o RFgerere anfor AR (Simulations & Modelling): 3MYfee: dfthe [FFgelerT Aited3n
3ioieheT Afhe aaaATar 3EST SUIMETST A3 AToliad 3edllikes (algorithms) arazdrd.

Tq-3reqg (Exercise):

1. ATl ALY @A FIE WIRFAT FAGeT Sglecst WINH A,
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2. AFAr ALY STEAAAT Slecsr WIHWAT FAJeT HFIC AIIFH oM,

—AAAN .

30 £2

50w

3. Arpdiar feeiear SeeT AfdhedT FAJed ¥R Aihe ALY TATART I
13#&%#
m

12

4. TCR/3EET FhaT SCCTRER TR dF] H6 MMFdl ALY qrEdae Acas AT
6T A 9 B §AJCT ASIeew M.

60

5. feear gffe ard A AT T gHwOr Qe
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G0

rov (D e $ .

a

8. 3mgelt A 5  WFeew gTFgTAT Fie AT
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AT - 5
sdead AT
(Network Theorems)

fawg fasu<r (Course Outcome):
HAHd Seifagehal iy AISIUATHIS Acad THY #Ie] .

(Apply network theorems to solve basic electrical circuits).

geah fasgel (Unit Outcomes) :
5.1 Hicheear feelear sraaed fdegd yarg Afdd Hoarandr guRdiEies S8y ar.

(Apply superposition theorem to determine the current in the given branch of a
circuit).
5.2 AT AT Hiche el MU ieheedT fGeiedn Sraatiel TS &ic e,

(Draw Thevenin’s equivalent circuit and determine load current in the given branch
of a circuit).
5.3 #AlCeTd HAJed Fihe Hiel 0T Afsheear feeledl sTaHtS oS FC AT,

(Draw Norton’s equivalent circuit and determine load current in the given branch

of a circuit).
5.4 feoledl AcdsdAtd HTFSTHA Glay ATUTIATHIS! HFSHA Ul TEEBL THI ] .
(Apply maximum power transfer theorem to determine the maximum power in the
given network).
5.5 feeledT Acaehardr /WA TAT oI1e] .
(Apply ‘Reciprocity theorem for the given network).
5.6 AC #icash 9HY Arsquarear Ufshdd aofd .

(Describe the procedure to solve the AC network theorem).

5.1 guRaIfFrer 937 (Superposition Theorem)
5.1.1 faurT (statement)

FRUITAAA GHT 31 I T ThI9eT A& T (source) T HIUTATET flaiaT
(linear) SCahAEA, HIUATET TSgallel THUT FaTigd GIVIRT IRE §T Fedeh FAIde Uhedlsd S
T TEATAT JaIfgd IOTAT eedT Sloisdenl AT

g AT TEEAT THIET HfF T ITeledT Sfcd (RlFcerdd) (complex) sicamareitel
U FadT FAAL Fcdl Afgdl TIATIUN Figed, FAdX HI Fcdl sol sl TROTHA

103|Page Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

JUIRT FC FIEUITH Acd .

5.1.2 § YAY WISTUITHTS Wrellel FeoH (Steps) 3ed

1.

AfheAsy 3ufya A (Rlecsl &Id 30T e Fid) (Voltage Source and
Current Source) HEIT BT,

2. GfcHALY FIVERET THh AT ST
3. S HI T Higel el HMOT cAreAqTsT i WSeee4 (Internal Resistance) .
HC EAEST 39T Ffdhe 30T geest TS Afé wfdhe .
4. YogT dfehe g7 (draw) T 30T T ofis. YSTECa &ige Tt 30T 3qRT Hichear
gHTdT (effective) IEECa 2Me.
5. @S VSrrerdean fdegd #ie lur, orel I 314 = g3,
6. 37T GO T Flgel TRl 0T YA FH 2 d 5 AT FHlram ideld FHde
YAF TATETSN 7, 1" ScATET 2ATeT.
7. 37Tl UHUT e & e el aerdr dsErolea siist 3.
FgUTST =P+ 1”7+ ...
5.1.3 AT :
& IHT TFd ST HfhcHa] gl A o] 3e, T [y Ffheayd aTRelr 13
Q.
3¢1. 5.1.1) RUIRAT JHT aGFA Wrell RNAAeAT Acadather 5 Q Wprewter e
"V" e,
M
$
200
{ 0V
sa®) ©
fmn sn%v
3l-

(A) ds 5 A Hic Td TR €.
AT 10 V T Figel T SHeTeden AlE-Afdhe (SC) .

5 A Tl Uo7 e famerer Siar 31for #a) 5 Q 3o 10 Q HeYyT argdl.
FEUA 5 Q HAYT dEUIRT e g1 e f3fdstel A= (Current Division Theorem) Wrellery#TOY
feerm 3me,

l; = 5x{10/(10+5)} = 3.33 A (@re)
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I, = 3.33 A (@Tell |)

10
4 S -l <
$200 300 2isn iz i
] h ] > :P -
Skl denult
sa(®) [ = sal) = sald) § 5A
3 3 3 3 3
$10D0 504 si0f1 § 54 3wn R Y
< ? ¢ 3
I
(a)
(b) THeTT 10 V TAT glecol TAET AR
150
| $200
1 10V
Open-Clircuait @
: )
&
‘ % 100 wiﬂf
(b)

5 A T & 39a-afehe (0.C.) o Seolell 3Te.
FEULT THUT A = (20+15) || (10+5) = 10.5 ©
FEULT THUT e = 10/10.5 = 0.95 A
FEUT 5 Q AT & = 0.95 * (35/35+15)
= 0.67.A
Greredr AHAS § 5 Q FAYS aRoMRT T -,
ly = 0 .67 A (IT=41 T[T 1 )
(c) 5 Q VEEAANS THUT <
JUAIERE TAAEER, aleel FIdHS 5 Q @R He MUvITardT -
el STUTRT e difotied 30T X SIOTRT & Ffed 318 @I e, WifrayA o et 31g,
| = Iy- 1,= (3.33 - 0.67) = 2.66 A (Tl |)
| = 2.66 A (@TelY |)
5 Q YT Fleeo
V = 5(I) = 5(2.66) = 13.3 =@l
V = 13.3 glec
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34T, 5.1.2) TR GAICER @relter Acadather 5 O Wreewtha wic .
50
AW

0V, 4A @ 200 100

3oV

T

3T

(a) THeAT 50 V =TT e FAaMET faarR &

36 V HEId rc-afdhe (S.C.) & sealen Mg 30T 4 A FId 39a-Afheear (0.C.) Fgarelm
kiir

A A A A
AN _
vV

0
SV n 100
_ 0.C. é

0

S.C.I
(a)
31T 50 V ENA@AE GHUIRT Tehor IfEeY, R = 5 + (20][10)
R = 5 + (200/30) = 11.67 Q
5 Q YEEeaer e @relewAmT Mg, |y = 50/11.67 = 4.29 A
(b) 37T THSAT 36 V =T Sglecsl TG IR ::

L;

—>

50

YW

00 100
0.C.

T 36 vj—

(b)

50 V FEId eMe-Afhe (S.C.) &hall 3 30T 4 A TIF 39a-Afhe (0.C.) el 3TR.
36 V HEIaHEY TEHUIRT UehoT ISieeed 3141 fear 31,

= 10 + {5]|20} = 10 + (100/25) = 14 Q

S.C.
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36 V TideaR Rfdell SORT R - | = 36/14 = 2.57A
$ds 36 V TS 5 Q qddar ae g1 e TSdisid Farear 3 e Sirdr &,
l, = - | (20)/(20+5) = (- 2.57) (20/25) = - 2.056 A
l, = - 2.056 A

(c) a5 4 A Fceal TdMET AR
36 V 30T 50 V cglecs TAAMEN SIET Qe-Afhe (SC) & Odelr 3R,
I3

— >

50

4 A Eardn @A GEum Ygreesd (10 Q 310 20 Q) U ART Fgol 300 5 Q e
FCTATET GO AT Yalel &l
AR FHaAalTaT AT Yeesa #Fgurs, 10]]20 = 200/30 = 6.67 Q
3T &eedT faeslel FARTENR,
T |y = (- 4) (6.67) / (5 + 6.67) = - 2.29A
ORISR JATaR, foee! FHidaes 5 Q FHid Fie 3 fGar 37,
[ =1+ 1L+ I3= (4.29 - 2.056 - 2.29) = - 0.056A
| =-0.056 A

341, 5.1.3 @reh gifdeedr aeahaed #Ie | =t v (Calculate) FIVATATS FuIafRrerT
YAIAT qrIX HI.

in 10
AAAA— AAMAY

20 A IT 3n

|
-r]ll:l
=
-

3
(a) %a% 3 A Fc TEaET AR F:
10 V &It S ené-afdhe (SC) o gdelr 3.
C FATAT Ul STefell fGHUIRT ThoT ASreed -
=3+ {5]|2} = 3 + (10/7) = 31/7 = 443 Q
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in 10
v AAAN,
Iy —»
20 Dia | 3se S.C.
I
(a)

FEUI &RE Ia= 3 x {2/ (2 + 4.43)} = 0.933 A

shad 3 A FHIHS 5 Q TIdd He g Heedr asele Faear 3147 fear srar &,
I, = IA (2).7 (2 + 5) = 0.933 (2/7) = 0.2666 A (@Tel)

(b) THeAT 10 V =T glecs EAamEm faar & :

3 A EId 3i9a-8fehe (0.C.) o Seefell TR.

(b)

5 Q =T FATR GHVIRT TehoT ISEea WrelleIATOr 31T,
=3+2 =5

10 V ENAHEE EHuIRT ot Aeea Feure,
R=2+(5|5) =2+ (25/10) =2 + 25 = 45 Q
#lear I = VIR = 10/4.5 = 222 A
%des 10 V EAHD 5 Q FHddT e Tlellelyaor e 31me,
I, =1B * (5) / (5 +5) =222 (05) = 1.11 A (R)
RN JAATER, Aol FAIAHS 5 Q HAYA a SAOTRT FHe @iy Ar el 311,
| =-1; + 1, = (- 0.2666 +.1.11) = 0.8434 A
| = 0.8434 A

5.2 4R_RfAsT ¥AT (Thevenin’s Theorem)

7 gAITEr e fone ared AfafAar (Leon Charles Thevenin) ararear tha 3ifadcar
1883 FEY oldell. § YA SAfeel (PiFceldd) (Complex) Seifdced @fhear (Electric Circuit)
HAH FIOATATST 30T AT Tehl ATEAT AT FAGR FUITAIS 3UFFA 315, AVIHE oIS
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T HETYUT HSldr Asel.
5.2.1 faumT (statement)
T 319 Fgcel 3Tg H -
Foll T (cBlecsl T fohar e ) 3o IBEesg 3aal Aorag! ffaR dcas
g 31T HIeAT FfheHaty Scolal I3 Ahd, SATHEY TadT glecsl T (STl AT areest
3 Fgurdra) o RARSASY Aserer 3ided g (Saren Afdfaea e
3 FEOUTATT) IraT GHTGL AT
glecsl TAIdTen AT cgleest (Vth) Fgurdid. R Hefad Yee-ger afafasa
FAJT (equivalent) IBIECH (Rth) FEUTAIT 10T Gidheel Afafed THIed Aihe FgUTAN.
d @rellel 3Tl SrRgdeITHATIT 378 -
! I

— A R — A
——0— AW 0—

e + +

Acad v dis wé v | TS

1 o

- B

B i
2) T Wlbe b) Ufaf T TAged Aidbe

et 5.1 AfAfAe waAgew wihe
5.2.2 dfafasd wAJed WfFe (Thevenin's equivalent Circuits) METATATS FoH

A. afafaerem Aded WPFew (Thevenin's equivalent resistance) (Rth) iteror
o A a-b clHeH=AT fohol AfAfAa FATeT IATEH Hrarder e, a2l oiis IAET R,
féhar effsted a-b R Feldc 3Hel S HIVIdel B (elements) FHIgsT CTahT.
e T 3T FHIA g Clal, cAMHIO calecsl FAlGeAr St A Athe & 30T e Fia=ar
Seft 3f9er aféee .
o 31U fATeH a-b TAT FTof UIGeATIATO Altheear TehuT Aol 0] &l Rth =
fheaa Afvaa &=
B. dfafaer @Aged sgleest (Thevenin's equivalent voltage) (Vth) 2ieror
o S a-b cffTcHear Sl AT FHICT dlecst HGTU 3¢, Y Fede I oIS
YreeT R fahar 3R SIUTAgl gea (elements) et el 30T o ffAsteq 3uet .
o Tedl (open) TfHFTH a-b HEST cglecordl VG Hiel Algel fALAVIT Ugereiiear (Nodal
Analysis) fRar #rer faRewoT ggurdicar (Mesh Analysis) Vth t foraa e,

C. dffas wAaged wfFe (Thevenin's equivalent circuit) FTar

o TYU 1 3O WY 2 AYA 3Hfshd Rth 30T Vth Meredeier, e Taged afhe
FIGUIATST Vth 31T Rth RAASHET Shelee 7 30T careanelt o Idee-a RReeed
Fodc H.
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D. &5 & e -
FAA WrelTel BIFIATAR @IS e Aem
||_ = Vth = RL/(Rth + RL)

5.3 siéeTa 98T (Norton‘s Theorem) :
TUSas oY alesd T 1926 ALY IT THAITET eI el gidr. Af3fFer<ar yaayamE, Ardaa

TAASTE SAfeel (lFcedrd) Solfdeeh Afthe ForsT FUAMAIS! TR ST, HSIT MM Hiched
THT TTEAT FlheALT FUIARUT F&ed oI5 I TESTIOT FoTel Aql.

5.3.1 fAureT (statement):- § 98T 3 FETd H -

Foll T (cBlecsT T fohdl e A1) 30T IBRed 3Tl HIUde! fafaR Acah
g 37T FfheaTed Feolel oli3 Uehd, SATHLY FAAT e AT (STl AlceTdl Hic T Sdiel
FEUTATA) 30T Iredm AR (parallel) Siiselell A9 (internal) YIBReg. (ST AlcaTdl
IBTCT AW FgUIATd) AT FATALT 3T,

I FC TSl sAicadl AJed e & (Norton's Equivalent Current Source) (Iy)
FEUTAId R e ATl Alcerar FAded eiee=d (Norton's Equivalent Resistance)
(Ry) FEUTAI. |idheell dAiced HHAJed Hfehe (Norton's Equivalent Circuit) 38 #gurdrd. d
Grellel 3cild SRIeATIATT 3Te -

A OA
—0
i Rn
o 0 §
0 IN
B 0B
MY - (a) HAS el 3Tt - (b) AleaTd FAJeT Wike

HFA 5.2: AleeTa FAGeT Flhe
5.3.2 AlceTar FAGeT YBEew (Ry) o e (Iy) AMEoImamd 2o
a) dleerar FAGeT WATE (Ry) aAleror -
o S a-b ciHFcEEAT fShol AlEe AT WAEed HGr I 378, dfeT s WX
R fhar effecd a-b & Fwee Al S HIVIET Heeh higeT TehT.
o T 35 TAIT FIgeT TN (AMIS Sglecst FAlaedr el e Afhe 0 30T ae
AT Sel 39 @fdhe ).
o 3 HATCH a-b =AT AT UIfReATHATOT HidheedT THUT ST 0T F&eT Rth
oY fhea e
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b) #AEar WAJed e (Norton’s Equivalent Current Source) far «f¢ @fdic (Short
Circuit) e (ly far Isc) aneror: -
o S a-b THATeH=T SN AlET HAJeT I Hedl A, Y FHede el oIS
YTy R, AT o FIVICET O¢& gt T d o ThHeted AT Afhe &l
e 3Tl fHIed a-b AL Fcdl VAT Fed AlSel LTI Ueudigar (Nodal Analysis)
foRar #er fagewoT (Mesh Analysis) deerdicar |y ifRad &
c) dieTa HAGeT Ak (Norton’s Equivalent Circuit) Fer:
BT 1 0T VT 2 AYA H6[ha Ry 30T |y MUTHAR, AlETd FAJeT Hiche HIGUITATS!
ArceTdl FAJed e (Iy) 30T Aredl FHIRALY, FAiced FAdeT Ueead (Ry) Felde T
30T el FATIRFESY. dis I Faae .
d) @ #e AT
FAA WrelTel BIFITHN oS i A .

Il =In » R/ (Ry + Ry)

341, 5.3.1) AleTd YA ATUTA WIeller AFhAed e acawatia 4 O W
faegd #te .

40

5A @) 2a m@)

3W -
AlCATAT TAATTER:

AlCTeAT FHATAR, eiedr Ffheatier o5 et (AY 4Q) FigeT 3dRT Aidhe Trelrel
IepAEY SfaeITTATeT I HIOT T FHR ¢ ST RN 0T Iredm FATTR Fe FHid
IN 3rIeT 3T AIEAT FlheedR TEId Thel S35 A,

a) HAEAeAT FAJeT FAe FAar A (Iy):
3Tl (a) ALY SEIATIATTT AceTal FHIT P Al Iy = fohard &1 3icea (internal)
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In=Isc
SA @ . ZAé,D

(a)
el FHIT 3T, GURAISRI FAT araeed AE-Hiche I AU FUAH TTe=g

feer ST, weput AiE-Afdhe Afhe e Iy = lsc & Thedl dufFde TdHS (SN FHld gred
AT ISR (internal resistors) Teeldre) fAATOT goT=aT FHIcT SoREIOIAT SiieT 3R,
i) 2A AT THEA F FIG HE AT IR F0:

5.C.

— 0

ZA@

O

(b)
Fig. (b) =M H&s carawr, e fBfas GARaR, faegd s &1 gl Sl Igreerar
(low resistor) T U L.
h=02)(2/[2+0]) =2A
ii) 6V FAId THedA. 1 FId e IrAT TR FT:
iRy

L— 20 li & ? I

0.C.

Lr 4§

(c)
Fig. (c) =T ¥&sT &d, 6V TN Jarfed gIoTRT 2iie |fdhe (S.C.) T -
lLb=(-6)/2= -3A (@1
iii) 5A FT THEAA FF A I AT AR F:

0.C.
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T 0

(d)

Fig. (d) =7 Hest &d, ac TBfasiet FAER, faedd ic g1 Aed et Ieerar Arf
qHA Hl.

ly = (5) (2 /.[2 +0]) = 5A

JUANRA TAAAAR, Iy = Isc = |1 + b+ 13 =2+ (- 3) + 5 =4 A

AlCaTdT AT FE, Iy = 4A
b) wicerar FAGed AT (Equivalent Resistance) (Ry) AMe:

AlCTUT FAJCT UHE &1 AcadAtd olls ffTedegd AN dasl e feqomr
37T AT 3 (AT 3l cBlocsT TATAT Sia LAfc-Gfhe dhotel 318 30T e
Jraear SRl 3aa-Afhe dhetel 318d).

3MTehdl (e) aT8R

[ S

RN=ZQ

S.C.

—0
l 2a G.C.‘L -

L

(e)
c) HTaT s FedT fFAT e (Iy):

I

I:A@RN 40
20 '

®
3Mehe () AR, &I e -
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|L=|N*RN/(RN+RL)=
=442/ (2+4)
IL=133 A

5.3.2) @relt grafdeear affeardr Aféaear yAamET a F6 30 Mecrantia faggda e
e,

3 :
IGEZ m@'ﬂ'

ATCTEAT FATRTAR, Eelear Afheatier oS I (Y 4Q) Figel 4R Hiche Treltel
IMehIFAed ETIASAOT I JOT T TR § WS RN 30T Frear FAMR e Ed
IN 3TEeleaT 3T FIEAT HishcedR FEdd el SIS LAehel.

(a) ATesT=AT FATET e FAa (Iy) o fHaa eter

ATl HAJeT He T Iy TS AHAALT RATIITATT HHld FHdicar «1s
CiHAToRAY AE-HiheAD aATEUIRT FC B

3l (a) FTER AIS IR 30 Figad AV (A - B) AlE Hihe .

40 s

25

lov+
]_- B

(a)

(a) 10 V FEIdTieT THoT ASEed F{UT,

R=4+(5]12) =4+ =5430

S TAIAIEaR R SITOTRT e,
=Y _ 10 _ ig4a
TR 543
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gee=g 2 O 30T 5 O FAR 3ied. FReedl AHEONTEAR, 5 Q HYA dEUIRT He |y
SR 3T

2 2
Iy =——=(184)==0.526 A
N= 245 ( }?

b) Aiéerear wHIed W Feww Norton's equivalent Resistance (Ry) = fara eftem:

SATCeTdT FAeT YSE (Ry) 8T Acahdmed oIS cificTodehge ATl doget Irgalall feHomT
3T IR 3R (TP 3T cglecs TAITAT SR Afc-Tfhe dhotel 3T 30T e
T SR Ag-afehe shelel 3194).

A- 0 Ly

—WWN—

8. C. o0 <::| Ry

(b)

Ry=5+(2l4) =5+ =2 =6330
n=3t+ (=St =e.

¥ I
Iy GD Ri RL=3

0.526 A 6.33 ()
(c)
c) |z Fe (I.) oem:
Fig. (c) 7@R I3 < -
L= e = 0526 = 0,357
LT MRy R 63343
UL
IL = 0.357 A
5.4 AFAF dlaX IFEHT YA (Maximum Power Transfer Theorem): #Hfastde diax

AR AT 3 AT @ o) ag IEesa (R)) & a0 IEgResa (Ry) (@fchear a4
IBTCH) SdPl IS FgUrad Ry = Ry 30, IO AfchedAed Sgelear if¥eeg disel

115|Page Maharashtra State Board of Technical Education, Mumbai



Solfggehol Hfehed 3ATTOT Acas (313332) Electrical Circuits and Network (ECN)

Tglecal FAIdGaR feeiall dia g HidsTHA 3dd.

HIFSHAA Uil @ JAY AF] Hdel, G0 Hegfehele] AecaAneler  ffasord
dTehe; dTeg Aehdl.
5.4.1 #H{FgAA laT =AW YAA Rgear (Verification) :

IrATET Wreltel Afhe faarTa &1 fr sareed 3T (d.c.) 9 & s ISeeaarad
SIS elell 3Tg (3Mehell (a). 3T 3edTelm AfAfaeT sglecst 3oT AT MSrEe-a (Fid USrEe-a)
MU SIS 30T FAeR ALy cIfIcagAT Fihed TRk Afaferedr qHged
AL Fol SSe. (3T (b)).

— A Rth - A
P—{ J\'-.-"'-.-""'."lt'. L
Linear + + +
two-terminal y SIS ven W) v dars
circuit -
o 00—
i B
B .
a) s afe b) Ufaf THgeT idbe

et 5.3: AR FoIged wlke
HideTHHA GiaR DT GHY [HeH HIOAMISY, 90T 3MThcil (b) #Ed geifdell @fthe aroRoR
RN,
UUH, ATl ol AfheAts SMURT faegd sic AT 3T,

Vrn

l= ——————
Rry + Ry, (

1)

5% -
| - GifhcHEE SUTRT Fe
Vth - EiarEn AfdfdeT sglecst
Rth - SEamar Afafas IS
R, - olisar Eeesa
3Tl 39T fESedr Fatenuear &g YBecagell feelel dfak AIs] erehdl,
PL=1?Rr. (2)
59 -
P, - drse qRAeRT 9rR
37T, s YSeaar ool dfay ARHT sglees=ar desia Refavarardr aaeor (1)
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AT (1) T FeT § THHIT (2) HEY T,

P =I°Rp

Pr = VTiH 2R (3)
"“"\Reg+R;) %

37T, HTFSTHA Ui THWIET 37 (Condition) RauamaTdr IHHIOT (3) § R, =TT
HedTd d9b (Differentiate) ST 30T AT UHoT fhaAd e Scahr .

dP
dR; "
dPr d Vg 2
= RL =0
dRL dRL RTH + RL

V2, (Rre — Rr) N
(RTH + RL)2

(Rrg-Rp)=0

‘Rry =Rg

AHAS, § TISC 3MTg I sicgl Afafet USFeaa= fhAd &g Wrec=a=ar (Rth
= Ry) SR 3IHA, dogl FIdiGar olis Iiecden fGelell 9iaX gl HAgsidA 37dd. &
HiFTHA iy Sedthy FATTER 378 FEUL, 3R YhR HiFHAHHA UlaX cdhl THT
e 8.

5.4.2 ag e feoel AFsHAT R (PL) -

37T, SicgT Afafa I3eea & aig IEeccasar sRiedr 38 dl, dgl ois
YrEeeaen foreh AFe#s qiaX (Py) o fhea #sy 2.
HATFSTHH UlaR TEHRY GIUATATS,
Rm = Re

Az MSEeadar TdEar el AfFsrae diay AU THEHT (3) ALY R,
=T S Ryy o SGel.

JR s ISe=gar feelt oMYy #fesredd aiax (PL) -
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V 2
Pmaz = ( TH ) RTH

Rry + Rry
Ver \°
Pmaz = R
(2RTH ) TH
v

aqel FHHIONEAR diger el Somdy AfFstan dia’ 3mond fAed. o, afafas
Sglecol 30T AfAfereT ITcadl 0T hked dlg ISTedal el SMURT H{FsTHA diax
3mgor AfRad &% eaar.

5.4.3 HFSAA AR AR TAT A6 sicash WSTuATedT FEH: -
HATFSTHH GlaR AW THYT a6l oISHET Cledh sholedl HiGsTHe UIaldl. I0TAT HIUITATS!

GTellel TETHAT I HIaT .

w9 1: Aihcathel sgRuae o3 Wereeed (Ry) 3@ 3101 AT gl Te.

9 2 AffcHate Sglecst Hid (Voltage Source) &lgel o EfHsTod 2AE Afdhe Fwel &ar
HIOT ¥ e Fid (Current Source) Figel o fHeTed 3N9e .

T 3: 39 Hithe Sheledl olis USEeaeal ciAdeaatiicl FAdeT USEcad! ITOTEAT
F&eT Tfchear Afafaer YSEe=a e

Y 4: U Ffhe FHoedr o IBEe-azar cffdcdalld  c@lecodl UET &ded
AT eiocar QM.

T 5: HiFeTHA Gla SedB GHT FF aTIEeT SeHDBL sholell HTFSTHA Ulal 2T,
5.4.4 fassy ;

ATFSTHHT 9iaR W JAT 3 IeTd fI ois I eeg 30T a1 IEceea ad
3 degl S T (D.C. Source) &aRdlis Ycaaell HiFSTHA dley felt S, Fuf,
R A8 ISea 8T gRusd ISead 38, d¥ 90T AT Ieeaasy diadd dedd %
erehdl, SO df T ISe=a<ar SRS gid sITer 37T HT Ardad ASHEY HigstHd Jid
TR Foll SIS,

fedtear affeardr, smur wffcar Afafae Weesw iy erar 3nfor AfFsws dfa

ZEEH HOATETS! ot freeea AR affhcear el tsere && eral. AfdsAd dial
TR HIAT rIeTaar (Efficiency) & 50% T gld.

5.4.1) @ grEfeedr Acaardt R 3 #{ea ARad #11, sviews AF#HA gia careaadd
YRR, JUT ATFSTHA Yiat= AT A,
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L=
20V

HiFSHAA Ul T FAALIER, ASecd R #ALY AFSHA Glak degrd  edhl
Fell A Siegl R HAed Ioieeed R =1 3Huai-Afhe cffidd e feaomar 3afRa
Hidheear Affae FATeT USecad Rth =1 SO 3@, (T HI 3 FAIT e
T 3T IBCaell FGofel Silcilel, Fguloid AT (ideal) Sglecst FAId. & Alc-Afheean
(SC) 3ufor 3meel (ideal) ae T & 39l Hfehegar (O.C.) Feolel SATdTd).

A

g Tfthe 3TUUT 310 O FF AHdT -

31T e [edT HfheaAysT (HH (b) FAR) 39T g rehal H -
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Rth = (10][10) + (5/|20) = (100/20) + (100/25) = 5 + 4 = 9 Q

HiFTHA dia} eamder R = Ry, = 9 Q
TFEHT FoledT HAFSTAA dTaTdl AT

AT v aOFd R HAYSA AEUIRT e AT &hell S35 Aehdl. R &gl 3dRA
Fihed TR TehT GredT Afdfeled FAJeT TlheeaR ol S35 Aehdd ST AECH Ry, 30T
T HIRSALY Sglecst Ed Vy, o1 HATGLY TS,

a) ANfAT waged weear (V) ot e aem:

3T () JAR -
AET C-A-D HYA ARUINT e |

20/(10+10) = 20/20 = 1 A

AT C-B-D HYe @GUIRT &ic: |, = 20/(5+20) = 20/25 = 0.8 A
cfAaer A 30T D &Y sglecst : Vap = 11 (10) = 1 (10) = 10 V
cfAeer B 31fOT 31 A\tfer eglecst : Vep = |, (20) = 0.8(20) = 16 V

318 fegeT Ad @I A I gledsl D UaT 10 V o Sied 3¢ 37101 B & eglecs D 98 16 V &
S 378, #gULA, fog B & cglecst & foig A et 6 V. & SiiEd 37Tg.

mvth=VBA=VBD-VAD=16-10=6V

FEUR Vth = 6 V

N

b) afafasr FAJew MFFe=a (Rth) e
AT IT0TAT 3MET O hell 3g..  Rth = 9 Q
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c) Affaer wagew wfFe:

90 n
e o —e—q
9on | 1
Rm 3
==
20 v
(d)

afhe e | = V./ (Riy+ R) = 20/(9 + 9) =20/ 18 = 111 A
d) fafaer aages wfde
R o AfFe#A 9iaR el S

= Prmax = I2.R = (1.11)2 .(9) = 11.09 watts

5.4.2) ARHHAA dlaY TEHHT TAT WEN. Frelldl MFAAS! RA Ao M, SAoTFHwT
ATATHS ATFHAA UIaT DT g, dud HiFerdAd grav= fhaa aner.

1o S [ . 44 N
AMAN

33X
HAFFAA Ul AR TAT:
"I 3 FEco 3R T SicgT g ISeaadr AT & ERa=ar ddd IBiEesa<ar sae)

30 fohar sicashear Afafaerear aAged Aereead sadhl 31Ed degl FHIAEaR oS AEreeeael
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a) ATFSTAA I TR As IBrew R.:

HIFSHAR Gk Cedh FHAGTER, WIS WAEed Ry ol HicheHY HiFHA Uil degra Hadel
SicgT R, T&ATcHSeSeaT Tftheear ddd Ieea<ar sisdla 319dl, #Fgureid s IEex
PTGl Cehedlar olls TTHeeletsa eHuRT afhear Afafas @aged WS Rth (Irardr
AT Elecsl TIATET ST QTS Afhesl Odell S 30T 3ddd e TAEET SAEM 39eT
Afheet gdell ).

l6 S 24 N

—m—-wwI—'W\M—
Iyt

(a)

a3l (a) =M Hed &d, Re

Rth = 24 || [8 + (16]|16)] = 24 || [8 + 8] = 24 || 16 = 9.6 Q@
s SR gasy HAiFeTHd dlal cleamidrdl, R, = 9.6 Q
HFGHAA dlal CTeaH:

s e AITIHTS], dIs AT dolas! 3dRd Afhe Afdfaerear FHdey Afhaear
Ao 3T 3R,

b) afafae=ar Fwged Setsr (Vth) FElar fHFaa aiem:

AffeTear TATeT Sglecsl ¢ IS WHE PIge chedleaR dls SlAdeqded ASUR e
githe Sglecsl (ald TNHS) .

le - p 8- 24 N
[—-‘W\V\—[—N\N\NT—'\N\N\‘

Vth = Voc __'Co

A

2

-T4

D
(b)
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Heled |idhe fa9awor (Fundamental Circuit Analysis) @TeeT aTa%ad Afdfeler HAge
Blecst Vth fFURaT Far 13 aha.

afie |fhear (3Tt (b) @T) HedY &d, #As D of Hedl a5 HAllel, sl AIfgell Irderel
EleeT -

Vp =0V, VA= 40 V, Ve = 60 V 31& 3mgd

R — I:[::>13

“___, ] Q4 -
[—wxm—’,—awmf*mvw‘
%i.ﬂ_ith Voo -__—f;u

-T#w

Al

(C)

C

D

#ts B aX KCL @F] &0, (A5 B HLY HG ST HC § B R STgY SUIR 37Ted 318 I8
&)

|1+|2+|3=0

Ve-40 Vg Vg—-60
- L

16 16 8 +24 =0

16 32

Vﬂ[ﬂ.15625]-4.3?'5:l]
Vi=28V
Vg = 28 V 30T V¢ = 60 V I oIl dhedid & TISC gl HiT FC g1 #Ais C IgT B 3
daTEUIR 31T

Fe=Fg 60=28
SAegp= = = 1A
CB ™ rpeza) 32

SV = Voo = (Ve — Voltage drop in 240))
=60 —Ice(24)= 60 — 24 =36V
S Vo = 36V

Ul AT FAJeT Althe TINaYATON Ao
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Rrn
9.6 S1—
Vo1 R
36 V T—_.‘__ 9.6
(d)

c) afafaer wwgew wfFe:
Vth = 36 V 38T Rth = 9.6 Q
HAJeT lshear Hest &, Fidhe Fe Fgurst,
| '= 36/ (9.6+9.6) = 1.875 A
d) esar e dAfdsrAs gmay -
Pmax = I R, = (1.875)% (9.6) = 33.75 watts

5.5 RANRAE 98T (Reciprocity Theorem) :

FEOFEST 97T 3 dFa $r HordE Af@EaR 3 gfausfi (Bilateral), wFd T
T Ed AT Acdeh Tohdl HIHCHTSY, Foll FAATAT FUTATHT SoAYC THACHIGA 3T3TYC
cfATeaAtd e gid 3THel alle! sglecsl JMMOT [Agd SaTgre uiay FUY 314
ANTEE GAG ¢ B Tehd Al 3Heledl Hcaharsl o] 37Te.

5.5.1 INRAWNAE 9A7T ASTuAHTS Feou:
Y 1: I AN TN O H1aTd 31, 3120 s=a9d (Branches) faasr.

BT 2: 3o A 7 &Y o8fld 8d 9T M aAcds [a2avor gegrdrar (Network
Analysis Method) aTR & T sTaAedel fdegd e (1) Al

T 3: 37T el SElecsl FId fhar aie Ed Aasdear ufgedn siaays U=l STaHEY
Cledth .

T 4: AT AT AT Acaeh TN YEHem ar &del fafrse sraeeier faegd ave
(1) #Sm.

T 5: Villy = Voll, 318 A 3/8d o) I@NAE 9787 ey sl 3.
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R1 R2 R1 R2

V:E:/Déna/;z\l /;i\'gna/;';\«gv

et 5.4 : NS wfbe
5.5.2 AN/ vAIr=n aw:
o UISRET Teehlell deioiel, TSTAR o FeelUlR, Siaveiir fafar dAeasher o],
o TSSTSS UT AGTATT FAEIHEY IaA Flaur &d.
g v.dL fhar SraY. safFcehd deadha YT HUIETE aTRS iTd.

o SoFCIHICHFIAYY, § YA ClodiAed 0T REfifcger AlSALY icoATd AT Hd
dUTHUITHIS! aTolel AT

5.5.3 AN/ yAI= 7ATET:

o 1 e AR 1@l adigr SfSar Fiamar (Depending Sources) FHATALT 3 Toiear
HIUCATE! Acahell § FHT AL &I TG

o JBIHR SEAUIR ECeh 3eledl HIUTCATE! dcadhal § YA oIE] B =TE.

o 3ASH (Diodes), gifeat¥eX (Transistor) 3cdmar Ald-Teli=1aX (Non-linear) &€
AT Acdehal § THI o9 oATel.

5.5.4 {ANAE yATT vrIe:
o Scadn gfavel Ut (bilateral property) ffetr UM AP

o U. &N 37fOT 3. I soifdeehd Acaadd AERUT FUATT Hed .
o ¢ cglocol JNMUT FRe EEIdear UIERHY JTedece hivard 3iHdr &d.
3¢1. 5.5.1) @relter fheardr RS vd@7 FeaRa #.

X 203 182 1z A

e 1. =1,

O
| |

10V uu

-
Y B
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3a0- ANTAET 93T 3 FieTd AT HIUIARET Bard Tk T FAId 3TTNSAT Aedesh fehal
feardr, Tl FNATAT T g9 fAFHIRG 33eYe fATHALY Igaraee gid
318l TR cglecst 30T faegd yarer Uit R 3.

a) AS TUEER 3o FHId FgUM X 30T .

= 10w l 013
(a)

FEU X-Y @y Heftd USeex g@an el Siar -
Req = [(2+ 9)][3] +2

R, = 350
10
L =gy = 2864
3
I, =286 x 5 = 1434

I; =(2.86 —1.43) = 1.434
b) 3TAT 39T AT Adiel ool FgUTSt a 30T b TIAT ALY CeaHI HhAl.

10 14 iz

i
l J tov

(b)

FEU a-b o weftd WSreey, gar el srar -
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Ry = (23)+1+2
i
I —% = 2.381
3
I, = 2.381 x 313
I; =1434 - (2)

FHIHRIOT (1) 300 FHOT (2) a6, © A &I 3 Q IATRAYT ATl Jarg FAH 318
FEUA, Foll AT ST Seofell ’Iel, [degd yaig aREr™ gl s IRNaE vy
gaTd Bla.

5.6 AC FTas NDE: -

AT ATYOT AIATeAT A AT HEATE hell 3Te. W TG dcds 4 (d. ¢
Feoga’ 3MUTRA Bld. FgULT Shddd VSiEcaard oIS Aol el T Siegl HTIUT Heasholl
A.C T &dl, degl S Wy S8 $ S5 30T HuUfAe Wil AaRIT Odel Siard.

Ieea, Hufadicg R3fgea 30T $5Fcicg R3laced g PiFceldrd dsdedr Gfdel SIard.
AC (3TecIaifedr ave) Afheaatliel Yaig 30T cglecold, faelNUT g I[UTEAT SHIuATHTS!
FIFCRIFH XDl IR hell STTAl. THT AlheH HISAUAHIS! Fletoladd SfUS-HAT dara
3NeHAT AIATIATOT FHAT Al

T AIHCHATS! hiFColery el aTR HOATET Sl HET HROT ITR:

1) AC TasTel (30T S 3Teieh HTseT deg aTa) AT Hasicgs (magnitude) 30T 37erer (feem)
(angle) T geifder ST,

2) HiFColerd HEATHT SIS, TiTalehl, AUMAR TOT $RIHR JTAREIT Hefeld fshar I qrsor
T 3.

aq: - TH wihcEAed () § e v wifhcartiel Fcard araid Sd, 7o I8 39T (j)
¢ Fleuleie (imaginary) Teheh FEUT TRHATNT el 3TE. .
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5.6.1 iﬁ?‘gﬂ'{ ¥a&T (Rectangular Form) 30T 9feR Ta&T (Polar Form):- T.4Y. Tftheaed,
I WIfACH § YFcager 3NfOT dieR 320 Sl Fa&IId T el ATl -

YFCager TR U FHiecoad daq 318 fafgara: (Z =a +jb)
O 9ok TGRITT WTelle9H 0l foifgel 33 ¢ : z=r < 6
a) Y@cegeR FawT (Rectangular Form):- (Z = a + j b)

g ST 30T JSATSTRIATST 3UgeF 3. AT qJeT $9T (real parts) & FTATIOT SISl SATATd
(addition) fohaT IS Shel STATA (subtraction) JHT FIedfae AT (imaginary parts) & Tada9oT
Sser ST fohar ot Shot STTdT.

3ar. SR 21 = al + jbi 3nfor 22 = a2 + jb2
AR Zeq = Z1 + Z2
= (al # jb1) (a2 + jb2)
= (a1 + a2) + j(b1 + b2)
FgUld Zeq = (a1 + a2) + j(b1l + b2)
9ok ¥a& (Polar Form):-
d @relreryAmTr fafger SiE eevd z = r < 0
g JOUNHR 0T HETMRRIATST SUYF HTe.
AUITHR: AT HIAICIS AT IUNHR ol Sfcll 0T HaTerer s¥iel Shell ST,
3er. SR Z1 = r1 < 91 3ufor
Z2 =12 <02
JR, Z1 + Z2 = (r1 . 12) < (81 + 02)
3er. SR Z1 = r1 < o1 37for
Z2 =12 < 92

%, Z1 /22 = (r1 /1 r2) < (81 - 02)

icré'dgou TIRITTe lol FGHEUT FATALIT:

U FHiFooldd o YFcager Ta&dTd 31T 38 : ( Z = a + jb)
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d WA 9ok TGRATT FUTART el S35 Ahd : Z = 120

AT r = Va? + b2

AT tan @ =b/a FEIUE 6 =tan” (b/a)

A) HIeR FIEITAA YFEIgAT FIEIT AT

Teh FHIFCIFT A ek TG 318 © ( Z = r20)

o TTENEYHATTT {Fcagor Fa&ITd TR Fet 13 A : (Z =a + jb )

a9 a=2Z cos 0
3fOT b=2Z.sino
32T TR HIFCelard AGHdT aIY kel 90T faffest AC sAeas Hisg, Al

Tq-3reqYo1: (Exercise)

1. Afdfa=Tad 9AT (Thevenin’s Theorem) FIsC &I 30T A FSTATIATS! 3Gk TTHI
gofel .

2. sicetd 9AT (Norton’s Theorem) ¥ISC &1 30T o AISIAVATATS! 3MaTF TCHA qulel
.

3. WU AT (Superposition Theorem) TISC T IO o HSTATATHTST 3Ta2Th
T quid .

4. HATFHAA Ui eleamid YA (Maximum Power Transfer Theorem) TOsg &T 37O o
AIEfAUIIATSr 3TaeTeh TCoad quled .

5. IAWTAE AT (Reciprocity Theorem) TS a1 0T o WSTATATATS AT TCoTd
guTeT .
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