JTIAT T D C 4T
syt SeTad! 8T # AT 50Hz A DC #¥e &t amgftr g &t & |
60Hz & ST ST 3T 291 9¥
AT wear 2 |
e Sq Je fhe § gaTRd aidar & e gy & uw &) e & yarfed gar 2 |
v gy fRum st wEdr g |
FIT TAY YT T AT AT & 91 THH G &7 9T R wear 2 |
FEAdT T&aT 2 |
TARE T TAQ® AT TATE H1 9T TEed o & e &y =7 & uw & Ror d
HES Ud dhas yarfed gid & |
et | 9 R sar & AC S ¥eT & AT UF FeO &
Atk ATIETE ey o Yoree
qraR %Y OF1Ffiweare | Y ST T ke & A L 8T & |
TRUR[A, FAAT

weTadr 9T (Alternating current) (AC) ‘U SeaTadT 9T
oy g7 =tar & omw amr yare & e six st fafesa
FA # qRafdd gd €1 39 T & 9R97 § 9T s AC
tcedT |ld & Afad et & | AC &id ¥ gadr Fatha aa
FYTe ® afRafda gidt & o aRum ok g yare &1
IGHAT AT T

TEITEAT ST W W A R g | € aRkafda gt 21
a7 ® 9 8 uF [fved ww aF ghe et @ ofiw uw feww A
TaTfed 81 I &1 AT & | g6 d%E & WEq Y A
BT 8 | a5 =7 srrar |t fafey o g gfe @i w4 el
& g AC dieedl &id & T & 1 fbar simar €1(Fig 3)

DD

CURRENT CURRENT CURRENT

0 /
\/TIME

SINE WAVE

+

M s
p |_|TIME e

SQUARE WAVE
AC WAVE FORMS

SAWTOOTH WAVE

ELN165313

T €T A (Alternating current generator) : et
sifer wraT # A wfts aifed St € yaadt g g Sy
2| I R FaaTE FAT & ford T AYA FoAr s ay
SeTaAT ETRT BT &

JATEAT dteadT T T Zaferd eidr & o gaet Sifaa &<
i F¥e A AT AT © qAT A gRAT aF TA A oy A
9 A 9tk g &9 eidr 2|

ST AC ST H1 AT T@AT T gtar € S 9fq wfa
HTF % ford DC IUET & JoT H FH &I\ 199 v & |

TRATIAT ST T FHF AT AT HT 7 qEETAT F AT I=F
AteedT 9¥ T T ST gFar € | aicedrst @ $9 7S 7
& 6.6KV (6600V) 11Kv (11000V) T 33Kv (33000V) arft
gt & weewr & ford Wt & gf 66000, 110000, 220,000,
400000 Tice d% T AT & WX & | FieedT &t HrE<aT
qTT 240V, 415V % FH &< f&Far star 2|

AC sifa= a_T AC #t wifers ffer & wra o smar €| sifeer
ww Ut qofie & e g w1 s aitE et &t e
It B gRafda & & o B smar 21 s a1 e
YT TG | 30 TR Fa&T o7 Gl & o & ares & 5 off
ATAF F UF FEHT & § 9 THR Tfqare = smar € &
IE JHEHT T WA T FledT & df TF dreedl IR grdr 2|

(Fig 4) & u= #"iferss fe=r &1 frem wsida fFar = &) o
TATAF & AT AR FEHT &7 § IRAAT F3F I g4 |

Fig 4

INDUCED VOLTAGE
GENERATOR PRINCIPLE

ELN165314
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T I gt | g & @ Iuferfa Faa a9 T2 T,
g ¥ fll =7 § 3o afadw g aed |

afe B ATF B TF FEHT & & TAAE FL Al T &7
ERT TF I AT & Ta¥ TS @ aFgd I Ial & | I§
T T TR IS T © AT IAHT TAE I€ Bial © % ateedr
A st wers |# ARA et 2

TF FHEHET ST | AT 99 B FAN & UF AC S AC ateear
IO FAT & | A A FEEHT §F A I qTHF A TF
qteedT JoTd FIAT & AT AT & Bt & fiwr 9fka &t 21 7w
Atcedr TRATr 31T gaar § aRafda gt & (Fig 5) 919 gw=&a
7 # O # g o S 2

Figb
| EXTERNAL
I CIRCUIT

LAMP

(LOAD)
MAGNET

ELN165315

SIMPLIFIED AC GENERATOR

qET H AN & ford aifoa a« f&fse atar & sma & s
T & JereNw & fod ufa a2 AC v arore<amEa eEr
STt & A & gHE A & |

T Tehel 79T ST EIXT ST dieadl Faeriea A & ford ffa

qAF TFHY Ed & UF dAle H 9T AMSA % Fo8AT  FRT
s e egtar @ |

AR Fueal § 9Ra AC dieedr afta sFyfeat & de & awfd
BT 2| o atew oy ¢ 99T & d¢ & ST arar aR9d
TR J-VT & SATAT & | AT ITiehaTTedl g &7 3T Fed &
o oF I gEF F T aar 2|

=1 @ (The sine wave) : TF F98d & TEa T &7 § gur
H I TN ©T JteedT &l ATHA U AT FEaArdl & | ST
ST AT qieedl H1 A9 AT gaar TRafdd st &t 2|

afe Fred & e =te & gita B star € at e & fafy
& AT FEHT @A & A Hhee Fed A G TRafdd s
T 9T FoeT FEHA & F GHIAT A FAT & At @ T8y
Fedl 2

AT §9 &7 IR qteedT a8l &t § | 99 Fued gEa
&= & TEEd A FLAT & Ot IE ATRHAT a7 Y@ Frear g |

oo 37 &0 Stfaw sraar firay aieedr sifag &t &1 59
g fargett & St dteear 39 &7 & =R AR & @ R
T FUSH q YT H Hlear 2|

(Fig 6) ® gvear =t ui= fafire ferfaat & Remr mn & | a5 3=
T ferfaat & ot goew ferfa & us quf a9 & a9 Iaw
gidr € | AT o ame 9 weffia #war & & o g awr &

IREERIGIR FERTE S & UF dq q¥ afed ari & T TR v # gfa AT w a2
| T T EEY
Fig 6
A B C D E
AN —_ - 2 .
o 90° 180° 270° 360°
N — X — — Ny — — Y — — NX
N t==]s N s N t==]s N s N s
=
—7 - — - — L X — —7 —
0 volts Max. volts 0 volts Max. volts 0 volts
L 1 L 1 l____I Fm=—======"—== 4 I
I I I I r
1 1 1 1 1
0 0.25 0.50 075 1.00
1
1
ONE REVOLUTION
B
VOLTAGE
.
[ E
0
A
D
0 90° 180° 270° 360°
DEGREES OF ROTATION .
GENERATION OF AN ALTERNATING VOLTAGE:  AS THE LOOP ROTATES THROUGH THE MAGNETIC FIELD. THE AMOUNT AND POLARITY OFTHE e
VOLTAGE CHANGES WITH ANGLE AND DIRECTION OF MOTION. S
w
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&1 @ o aieear &t e g g # Sopfd st 2| I8
Faferd AT & % Foed & 9% 9% | UF o1 98d A9 Sdv
2 Y Za% q9uTT &7 § & FIC ATar 2|

ST 4T AC a1 w9 & Afawan difers Y s &7 &1
ATH AC ST (FTEd®) ST AT ¥ T AT AT BTH Ica=T
FIAT 2 | TS FEAU TITh 9 ATAAT A 98 AC AT
FieedT T9T 91T & "y § fAe &)

T% (Cycle) : TEATEdT ateedl ST 9T=T &0 TF 0 a1 UF
=% Bl & | fAfd ateear & u& 9% #t =9 & g9 37 TRadq
ST IAFA AlcedT A gadar § & & | ag 3t Al ol
quf = F T TATIAT Fe AT & | 98 GATeHE A FOMHT TH
T gAY § TgAR & ford wgew R o € (Fig 7)

Fig 7
POSITIVE ALTERNATION
VOLTAGE CYCLE CYCLE CYCLE

OR
CURRENT

+

0

TIME

ELN165317

sadEe (Period) : TF U1 9% & IoT9 A W affod aug
F qALT €9 FT AEAH Fed & (Fig 8) § TH 7% & T FeA
H 0.25sec o & FHfor a1 &9 &7 e (T) 0.25sec 21

T T TGT & ATTAHTA (FI5 TR T9) % ford I8 ATaeT+
T € % 38 I Y 3d # W F el X A T
S| i T = g et fag & g 9% & ' g )
AT ST @&hAT & (Fig 8 AB, CD 3t¥ar EF 349) |

gt (Frequency): Sfdd Sere Fah & der u&h AC
4T w9 F Argha g 21 (Fig 8) sgftr & S| "4 &t
(Hz ) 2| Jereewr & fordr et =¥ w¥ 240V AC @t smgfa
50Hz &1

Fig 8

1STCYCLE 2ND CYCLE 3RD CYCLE 4TH CYCLE

+
2

CURRENT (AMPERES)
o

0.25 05 0.75

TIME (SECONDS)

CYCLE, PERIOD, AND FREQUENCY. THE WAVEFORM HAS A
PERIOD OF 0.25 SECONDS AND FOUR CYCLES PER SECOND.

ELN165318

arerit® | (Instantaneous value) : ffr g eor o=
TF TATEAT AT HT HIT ATeT 0% T FeT et 2 | (Fig 9) &
AT qT dicedT &7 dledforg a9 9giid fFammer g1 a8
3.1 volts T 1ps, 7.07 V 9% 2.5us, 10V 9% 5ps, 0V 9%
10ps, 3.1 volt 9¥ 11 ps ¥ &t T w9 gt 2|

Fig 9

t{us)

ELN165319

EXAMPLE OF INSANTANEOUS VALUES OF A SINE WAVE VOLTAGE

AC aieear 3T &y 71 (AC voltage and current values) :
Hfeh aleear ST@ET T A ST AT & AW e afkatia
gaT & gAfed a4 ¥ & W & aftid #d g9y A =H
Fxd wag fafire g9 sawrs @1 uE ST a9 F 6 B AE
FIA A 3w At 1

firaw 7= srvET s 7= (Peak value or maximum
value) : SIT a7 & T&F TATEdT 9T ATeTord Tt &
ffifa giar 21 g 7= afasr W & A s 9 fafvw
Faeat & o sifa o st @1 Prew & fAeme a3 =9
fafifa &m@ar &1 (Fig 10)

SATAT &7 B a1 Aferay aicedr 14ET 8T A 1 &<
FAT & A @ T o =6 | gt g9 e q g 2|

firav & firew A= (Peak-to-peak value) : TF f@< & ga¥
firET a& g % 79 # A7 a &1 e § e 9@
Fed | (Fig 10) o8 frax AT+ &7 &t JA7 &ar 2|

Fig 10
VOLTAGE POSITIVE PEAK VALUE

OR
CURRENT

+

PEAK TO
0 PEAK
TIVE  vALUE

NEGATIVE PEAK VALUE
PEAK TO PEAK VALUE OF A SINE WAVE

ELN16531A

Tt 7 (Effective value) : T SeITadl ST &7 THTET
AT g€ A9 &[T & o uF R e v & fafie am s
I FH &% G FHAT IO HAT & | I A= § T TATad 1
&TRT T THTE A TF TR § 31T a8 It 3¢ & ST I
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FLAT & ST U UREY & o 9T & I a1 & STafs gt
U |19 % Sfa<y ® garfed gy 21

TF TATEAT 1T STaT ateedl & TWIET /I &7 gl 419 aif
AT A (rms) W9 €| I8 T8 AW Ff 0T | TgH [@fT &
foram T 21 rms & o A T & B 2

TF Tk & o AT AT SARIA % AT Al w1 F9fad
f3FaT ST €| IE W &7 @ FA © A FB A a9 & Aed
HIA % IO Y ST & | AT 7 a9 geferd o st € wfE
FEA THE ORT % a9 & o aRafda st €| 59 T &
rms #TV F&a €1 (Fig 11)

Fig 11

+ve

CURRENT

<
@

.2 .2 .2
+lg+ i+ iz

20

SQUARE OF
INSTANTANIOUS
VALUES

AVERAGE OF }

ELN16531B

o fafer &1 ST ek UF €T & ST A7 7 T91ET A1 3w
AT % 0.707 & ST AT & | ST %97 & IHTEr 7T &7 701
FA H TH LT qHHT &

dteedr & forr V =0.707 V _
aRT % ford, 1=0.707 |

STel m Afsaw 91 # Il Far 2|

ST TeATEAT 9T AYET ateedr &t fafadfe e srar € at
3HET 3 Had THIE W & ST € 99 d% 8 T F aqrar
ST | W AC WT9e dhaet THTET AT i &1 Gohe e 2|

taa a0 (Average value) : #31 TF ot =% & ofted o=
F A FIAT ATHAT BT & AT oRT qRads ¥ o 7% F
o gu a¥ & aRafda & @ Sar & (Fig 12) & wefim
fBar o & ar staa o aftesaw 9 T sreT g nm|

Fig 12
MAXIMUM VALUE
.

CURRENT

AVERAGE VALUE = 17'“

0

TIME t —

ELN16531C

AT GTRT FH &% & AT T8 Fedr & gael Aty e §
AT STTAT & SAfAST 3787 % FUR I FIRT SATEATRT &=l it AT
FX T ATIR AT g & I &7 & 907 3 | 72 3@r 747 &
& sftaa A Tfrsaw AT ©9 % STferswan A &1 0.637
AT BT 2

ateeet & ford V= 0.637 V.,
aRT & ford | = 0.6371

&l av AT T & TSHd FAl & FT m sTeteEd (sub-
script) #1

=9 T (Form Factor) K. STETH F THET W AR A
A F T [UE FET AT 2 |

s AC F o
- 0707l _, o
0.6637 1,
STef m rfershaw |q19 &% o &

AC =1 DC 97 @™ (Advantages of AC over DC) :

1 AC aicearsti ®t gIaar & Jgmr STUar 9T 91 a9l &
ggferdt vt wteEt & fordr smaef 21

2 AW G & ATT h & TSI ATAT & I=F dteedT AT G
gTeT o SfSq fRar s g 21

3 9% a1 F BT & AR BT YU AT F TAWT FF

afererT o ageAw gt & & R S awar 2|
(Fig 13)

TRANSMISSION

LINES 11kV

GENERATING
STATION

TRANSFORMER
11kv/415V

DISTRIBUTION
LINE 415/240V

e

TRANSMISSION AND DISTRIBUTION LINES FROM
GENERATING STATION TO RESIDENCES

ELN16531D

DC stfa=r s+t frfer ateear 6000V srrar 3aa off &9 aF
A gld €| TEwEY & gIRT dieedT &1 9&dT F9aT T2ardT
TET ST AT & | SAfEw g U § AT A arfed g & AC
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stfA=r 500000 fEFett aTe &WaT a% & A g &1 DC sta=t
T &ar 10000 kw as @ifea gy €1

AC wied &7 fAAfor sfrsTam i gz DC Atex &t gaar
H qeT @t gtar & | AC Aied &t ot § DC Aied § UF &
T AT BlAT &, I ATl =01 399 il 2|

DC &t gemT ® AC &t Ieafer smam & |

+ DC #t gar & AC & I awil & |

o AC S[¥et #¥ &/Wdr DC & a1fer gdr & |
o FEY T H AC F RIFAIT | A1 31 &7 &9 Sl & |
o AC &t JmE™T & DC # 98T ST JheT & |

o IAF AET & ZFAFAT F TAN F3F T AT FeSSq
faram < wFar 2 |

o =% T AN H¥h AC & AT AT ATAT &1 AHHT & S20AT
ST qhaT & |

e 3w gt =mers (Neutral and earth conductors)

I 1 3 U & oa # oA fafafead ww Few av e

o ¥ TR F TAAT HT JOA HEAT
o T THR F EAEEA FT JUF FEAT
o ‘TEEE ST AR F 9 W4T T® AT

sEwEA (Earthing): s[a™® &1 A5 30 a2 ¥ © f& 3qa0
qEe gear § €| aa fAwet & oo § uw stfiswaw
Heaqel Afe e Ffad @ qEedsT | o qEwad 3|
T & 9T BT & {6 50 aswAite § ag Ty A g
ST T & 2 8l © | T i UF a8 Ared & w9 | forar 5w
FqEHAT & AT g v ow 2|

§ @& ® W@ (Purpose of earthing) : STEFET #T
TS AT, ITET A TRIT FT AFAF dreedT a1 Gasars
FreedT &1 THTIAT HT T 34T BT 2 |

UF a9 (™ § 3 gF a1 Sidr € awr fa & awaswt §
UF T JEIGT AT G aredi AR &1 SEH 39 are srEn
ST & AT AT | 3 TS THR & AT o-

o fa@m qEwEa (System earthing)

* I AT (Equipment earthing)

e sEEwEA (System earthing) : 78 99 @ % &
ATE S IITE % EEHA & o st & s awre st
ferfa & gt &t stfewaw ateear a% @i e s a6l

ITERY EAEA (Equipment earthing) : 98 33[d ST &
Y g7 T A AR AT GG AT B T & A 3ag S
q qEEET A @ e afawa G )

TF goEEie YEEET #4127 (What is an earthing elec-
trode?) : 9Tg & UF T, TET AYAT A AAF AT TAT &
T g & fag aafRa € qEdd aagie e ¢ |
o TOFEISH SAATEH Feal STHs! AT ITH WAl & (1S3043-
1966 F FFATY) T &d 2 |

Uehel el {1l & FTIET U¥ ISTEIA T 2ATH FLA & ford &rar
& f& e gt & (FoAT geiFEts g UF oo i faget
7 =T 2|

-aR FE? (What is an ‘earth wire’?) : 7=t & awafira
TF FTEF S T ATAR B AR @re A aw st
AT & ST AT ST F JHETH & o T ST & TF AN
FEarar 2|

ITEY EHHA & W@ (The purpose of equipment
earthing) : & fa=ma (Work) &t St get @& &mer o s
& ford €Y gtar € aiRa #%% UTH 99 a9 F4r JEr € S«
a7 &R0 & ford gt & O @gfaa B o awar @ i
ATATIFHAT TS+ X e gt & anfaa faam st a1

— oo
stwfeiRor (Identification): swer famgelt o #Faew =i

ATAFT & THT BT T AT I T Hobed 2 ITwAT
% ford ST TR A@TE 9K FE AT Arred |

— YIRT "

fAutor & =ror 9 Giw Tue star S 2, w®iE srEr
Tahfaat (Fig 1) g stfsfaerior & @ar & | amor fRamat 35t
|EE # ¢aa 52A ¥ fafaefia s &1 gar =nfed |
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Fig 1

SINGLE-PHASE THREE-PHASE

CABLES
INSULATED WITH
RUBBER OR PVC
OR EPR OR XLPE

L—PHASE—] NEUTRAL
RED YELLOW BLUE BLACK

PHASE PROTECTIVE
RED GREEN/YELLOW

NEUTRAL-BLACK

CABLES
INSULATED
"INSULATION SO
SLEEVES
/ OR DISCS
PHASE NEUTRAL

[ -
RED BLACK PHASE NEUTRAL
RED YELLOW BLUE BLACK
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T FaH A AT FFmHwt g 52B # qefid o
FE & ATET T AR § T Hadl a1 T S H TAT
wror fafade ai e =l

Y e¥ A fier 11 & srfafa Faa g1, far s #i% &v
Gt SR # woeh T87 FeAr =nted | v wior o g =
FEAH AT AR SARAT T TANWT FET FLAT AT | T FATAq
PVC Tfaa aem@® & acd 9aT SRS ATAd daeq Tg (6d
ST & @t @ATsN & ITANT g UF dehfoash f[Aafagee safa
TR faRaT ST @At €1 F=t 1, 2, WY 3 % AT Y O
ST et & ford gar g1 @@ 4 # v Gl e
TS Ao & ford gar 21 (Fig 2)

IEE famt &Y 39« 52A

TR (Non flexible) e ®om auw
AR WU & o T =t & ot fatve=

F gz sttt
TEE ATAR g Y free
(e foerr )

AC &9 %g a1 UF arer (e ar Fear)
% TRaT or blue*)

AC Jga @19 %] a1 FTAT

TF % IRIT

fiT %7 AC 9RTI & R & KIE]

& & AC TR & Y & e

& % AC 7R & R % e

gATHS 2 AT DC afRay AT

FEATHS 2 a13¢ DC afkaT FTAT

&Y (SATTS AT 5 ATHS)

DC 2 arsx 9fRuy & fedas ATl

3 aTET

g 3 arse DC afkuy GIC

3 ars¥ DC 99y & fo= ae FHTeT

FEATHF 3 a13¢ DC afkay e

Fig 2

CABLES
INSULATED

WITH PAPER
OR EPR
OR XLPE

PHASE NEUTRAL

PHASES NEUTRAL
SPECIAL CONDUCTOR
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|IEE Tt #1 3=« 52B
FATEIVTE FAeq qUT TARAT * HIOH HT T fAfew=
FOT T&T FAOT /T HH F]OT ® AT
1 wH q
T B
TETH & ud frar (afirsn)
2 & T
T GIEL
3 wH q
T B
TETH & ud frar (afirsn)
4915 W 9T or black
T GIEL
RGED &Y Ud e (afden)

* AT HT TART AHIAAF FY AT FY, AT GATTAAE &,
T2 WA, AT fa@wor 91 & aw@E § @®E w”
g |

T MY iR [T F AT W Fad BF ATAR ®
e % R v § T =afd )

TET AYA FSITCH F AIAAT § T [@IA AT
et AR 1, A, JToar™ e & At w9
T ATATTHAT ¥ IAHT AT T@AT =T |
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¥ AmrEt & = (Use of vector diagram)

I 1 3 U & oa # oA fafafead ww Few av e

o Ffew MY ST A= F qRETNA FIAT

o 3t giew & ford afew ke smEs & /i w a1 Fw=r |

e we afew wfdet aur were i ek (Definition of

scalar and vector quantity and phasor)

srfew wi¥Et (Scalar quantity) : s1fRer Tfsr ae wrfar & e
frerfRor Fhaer SE TR g7 AT ST € 99 e & g
FT, A, AT i |

gfdw wid™@T (Vector quantity) : @rfer wfmt & wfiEt &
o 3% FAX dieft Y@r 9¥ X 1 Fere s g S
2 I gt et g o s R ai+ & sima W)
o ST @ | S SeTeRw & forw e, 3, Wi el |

%Y (Phasor) : %X u& afder & st us fAfvaa sivfir 3w &
qHAT & | fiX F o & are uF el | S 3§ ahe
T H 91 % forg e Srar € | 3 § st (vRadwsia)
T3 7 fRwTT S e gurtar AT € (3. & forg Fe, At
AT qraR) TE FAT FeATT ¢ |

TATEAT ateedl & a9 & 3w (Plotting a curve of alter-
nating voltage) : af3 SeTad® & AferHaw qieedr A1 &t ar
ST FieedT FT 3 T 9% & (Ao & fFar o7 |Jhar @ o
O F G T AdIE dieedr  AFTFAT T B FH
AT &l |

et gfaem s T FT I AT S a@war €1 39wt
AT 9ET # s ¥ (Fig 1) | 99 & 9gar o afas
ar di= foms sy us ateear o sifea frar s
F I & G qET A o #¥ fraw Wit g | €| dfow
HY Iafay ¥@d @i | SEr 6 (Fig 1) # 39 T@ren g

1 240° 300° 360°
T

| |
———50 I -

EL111931

SINE WAVE FORM

St faam o | YEret & Few fag S| & ateedr & A
F T Fed €| IR & ford uw afas o uw Imfuaw
T fag X 9 9ve Fedr 2

I & AAATE * ford I T FT TANT FTeh dAteedT AT H
AT ST FoHAT € | € AT I &0 G Iqo emf & 5 Foe ot
Erat % 30° T 9T FHrear 2|

afew AmtET 1 S9=T (Use of vector diagrams) : freft
JATAAT FieedT FIL/AET €T & A9 § UF 95 § & arel
afRads &t afger At arr ff wefi|a #¢ a5 2|

Afewr uwh YEmEve gar & Smdr uw Aftaa @ st o
gl 2| g=ar 3 % ford uw afaw wwfs wew 92 @ &t
srar rfek afeet & fffa ear €1 d9 & e afier
AT T ITANT TRT /AT qleadl F ATET0TF JTAT HF
A A § f3Far strar 21

fr fafer & srgae (Fig 1) #1 fEvawer deex amfes grr
fFar o1 @ar @1 g YT F ' A uw dfasr @ ot
(Fig 2) e ¥@r & 30° wX fag O & I*w #¥ & OA &
T % AgET 100V #t Aferwaw ateear (VM) & &Ik &
& fordr &= | @fdw OA & R & uw weafux 39 Ty &9 | 7%
T Ha ¥@r & 90° HT X FHT AR | FATUT 7 I[@T F

Fig 2 A
|
|
|
|

REFERENCE LINE B

VECTOR DIAGRAM DRAWN TO SCALE TO DETERMINE THE VOLTAGE WHEN
THE COIL IS MOVING AT A 30° ANGLE TO THE LINES OF FORCE

ELN165332

ABﬁWﬁﬁ%mw%laﬁ?agaﬁwviaﬁaﬁﬁmaﬁ
Ih FLAT & AT FUSH I @Al w1 300 FIT IT FleAT &
gfdsr AB & AT gH&T {19 50V &A1 =nfed |

sfew " giewr &=
1 rfasr e &t dae TRATT gRT & #RA & | A F, afew deren &t afRkmmr #iw R § =6 &= sar 21 99
AT §ATST I AT AT
2 R G &1 e ATeT SR Ry § o Sest A e, e vt ffr & 7 @
B ST 2 gfeer T &ar 21
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Fig 3

A
|
|
|
|

= |
V=86.6V |
|

|

|

|

|

B

o
REFERENCE LINE

VECTOR DIAGRAM DRAWN TO SCALE. THE COIL HAS
ROTATED 120° AND IS CUTTING THE FLUX AT 60°

ELN165333

7E fafyr quia & fft off sfwr & ford srgonfora & &t |t 21
(Fig 3) # wafita afasr a=fr= &1 ITAT ateedr & 39 A4 &
T FEA & ford BT & 9@ Fved 1200 gia &t i 2|

Fig 4
210°

A

REFERENCE LINE

T
|
|
|
V4=-50V }
|
|

VECTOR DIAGRAM DRAWIN TO SCALE. THE COIL HAS ROTATED 210° AND
IS CUTTING THE FLUX AT 30°. THE EMF HAS REVERSED DIRECTION,
INDICATED BY THE -VE SIGN.

ELN165334

T Foed 1200 I &7 gH € dfha aar T@nett & a8 Faa
60° FHIUT FAT &T & FEY a8 Hr & Forad aretfors ateedr 7
1 faar S 21| Iereww & ford afe gvew 2100 g &
& g o @rstt wt 30° Frear € (Fig 4) |

(Fig 1) & I7: 3=« & g 719 &iaT1 & & g9 & T9F 9
AfeT OA Ft &TH FY TFdT & | dleedT ak I fawgart gy afaer
AB FI oI FY 8 €| I % e = o7 steformer Vo F
T HT FIOT TE FIOT & O I FIA T @A B FE
e | Ty Fao afew Ay g &9 9y O ae @
At g% g7 foelt Jwem & et &t a8 us axa fafyr
2| afer aEfa s BT ®a= (Function) % ama
TR H A AT E |

FF AYT T F A PAHOHAT & &7 SArar 2| Grewrorfaed
AT % AT T qfew A S Broget fiw/sreEr qwe
Tg+it % w9 ¥ & €1 (Fig 5, 6)

Fig 5

ELN165335

Fig 6

ANGLE UNDER
CONSIDERATION

OPPOSITE
SIDE

>
(9]
ELN165336

ADJACENT SIDE

AC @ aRuy-#aa S¥wa & arx (AC simple circuit - with inductance only)

SqAV [ 9 UG F A | o fawaforfead w1 #A a7 26
+ TF IF IRE RIS ® V #Y | & T w1 TG 2w w0

o ATHT TTAATHT =<k HIAT
o TF WHA qRIT H qE F AH® FLAT
o gifFT IUTE F TRETNE FAT

I I I & |7 7Rey (Circuit with pure inductance
only): 3¥&@ & DC TRl & T & Fad God AL a5
g % o107 & oA Fear & | AC IRy § aT feg aRkafdq
EIdT TEdT & 3% Sy A3 TRAAT &7 Oy Fear 21

ggferdt TRay Y=Tem § ehd &1 R ge gt € | Fad I
S aret aRay & fwfor F 78 fher S awar f=tE aa
FqrE Y, $eE a¥ft &1 3o vl gar 8| afew afy a=
wfarter stfer oreq @ o afkwer o=y 9% 9w & gan § afa
T TWTT ST & ar TRIT F Faa S¥ahed Ieh TRIT THAT
ST "@ar 21 (Fig 1)

afe et AC afRuyr e Faa dxaa @ &9 aRadt @@
gt F1 7= (1) s aieear (2) SRa 992 emf (3) TR
gRT | 2T 2|

Fig 1

CIRCUIT DIAGRAM

ELN165341

¥y T a=T F = wer @1 (Phase relationship
between voltage and current) : TF S | HelT T
Ted GTRT AR 99 emf FT AFT AT TLAAT AF AHAT ST
AT | AT F 9T A 999 emf & Ao & F ad 71 2|
TedT T I {3 9fd emf ar & aRadw a¥ & sfisaw e
9 e ofT o gy # afkafdw 78 giar € a8 g g
gl
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A @ ge § % cemf & fRem oY &t & & aw wr
afRads &1 aeq fay w2t 2|

(Fig 2) ® wefita a4 &7 AC oT=T & TH 9% Ff TG HLAT
| ST AT ¥ T g AfUFAT & qef TRad a¥ Afewan
g = 3@ " ¢ fF a% 39 fage o¥ gar & et ar &9
I & STaT 180°, 360° & fAsherar 2 | stafa 0, 180, 360° 7
Aftraw cemf sIfaa gt €1 ST & (Fig 2) ® % ™ aar
w7 & weidia fhar mar €1 afE 90, 270° 9¥ agd A awdq
# 3% 90° AT 270° F&T &RT TRAAT I & a9 d% siar
& 9T 3 &N & for feR 2t @ gafod 37 faget =
T afkafdd 781 eidt @ =T cemf IRa 72 &tar 2|

Fig 2
+ BACK EMF (CEMF)

ELN165342

WAVE-FORM OF CURRENT AND BACK EMF

S T g & gt e # a7 @ e @ At wia emf
(cemf) f& e T wT=T F+AT AT WTRA?

% 0° X [ & T ATAT IIT IATTH Q9T it & cemf
FE e 7 sfemaw gar =ifed | #itE qw @ed awy
TS Q9T § &7 WaTE § derE e & fod gfe & fay
FAT 2|

T YFR FF 90° U¥ UTRT FH B A € ar cemf ¥ gfe
g TR | gaford weeie e cemf 9T & 90° TIEATTHY
TE HC A & (AW HT I FAT & | 37T &7 719 & o safa
Fieedr cemf & 180° e forer gt @ gaferd sfua afeear
gRT & 90° SRRMHT g+t =fed | o2 (Fig 3) & a1 &7 #
waffia faem mar &) &9 =i (amer, cemf #iY sfue
FieedT) & S @ & (Fig 4) & a4 ©9 § wafia fFar w=n
gl & s € 5 g ufaius aftwe & wify o 7 98 2|

RREN 60°

Fig 3
N APPLIED VOLTAGE
I
I
| CURRENT |
o I
0 ‘ 70 |
90 180° | | 360°
I ! @
| b
I 8
_ Zz
5
w
Fig 4
+ BACK EMF
CURRENT } }
| | |
| | 70° |
0 |
90 180 | B3
I I
I I
I

ELN165344

APPLIED VOLTAGE

% S¥Ea | (Phase difference) : (1) SmfUa dteear am=r &
90° FFTTHT EidT & (2) 999 emf &1 & 90° YRRt &iar &
(3) sIIfe ateear X 999 emf 180° &elm forer &l 2|

T FATAY Fad & |

Far=e (Phase difference) : afs gt Jomadr @@ qame
foem & fafee awat o= g AW @ e & qeea stfteaw
AT 9T FT Al & a7 STH FATAL MT FeeATdl & |

FATAL H = & A7 AN H TFT L T & | Afa Zrerrefar
& o T &7 W AT Sar 21 99 99 ST U H TN
faferer etr &Y a7 aTRTeTt Y ateedTett & U F AT AT
ferfaat it = #xa § f35ar Jrar @ | S J9 | S el @ 39
AT AT A1 fF gl @ A 3T 19T Fed 2| (Figs 5 X 6)

Fig 5
1 1
. 1 2
1, LEADS 1,BY 90° OR
= 1, LAGS 1,BY 90°
w
go
=) o
) - | \></ -
—_—
- &
&
PHASE DIFFERENCE o
Fig 6

E,LEADS E, BY 180°OR
E,LAGS E , BY 180°

+

Eq E,

VOLTAGE
o

180° TIME

EL112526

PHASE DIFFERENCE

S UF Aleedl AT GRT F AFGHAH AR FAAH fog
AleedT AT gIRT & & fagett & Teet oA & af qEl FHer
firer 817 & 99 39 IHE FT FATAL S1AT & UF aleedT TFar
IRT S BT © AT gAY 99 gl o |

FATAL B AR T & =k FY o 2| FATAL P =T HLA

au e =T X e # gt e # yefia &t S 2|
(Fig 7, 8)

Fig 7

90°

— + 1

v 1, LEADS 14 BY 90°

VECTOR DIAGRAM OF LEADING

EL112527
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Fig 8

14 LAGGING 1, BY ANGLE 6

3T BN ATl AT HF GMETEAT BT AT GO AT GE&AT i
ZreUTTadT sior § g€ s 2|

FAA ATH qTA TRIA H URT Y qieeal & S Felr T
(Phase relationship between current and voltage in
a circuit with inductance only)

ST AC TieedT i Teh S¥ehed TRTY T AT 63T STrar & at
T AT ieadT & SrATs =k A¥ar 900 & qo= Ty Tedt &
(Fig 9)

Fig 9
APPLIED VOLTAGE

N
|
| CURRENT !
! 270° 130
360
0 J

EL112529

CURRENT LAGS VOLTAGE BY 90°

TF J[& WE@ TR H g7 AT qeearl & 90° qw= st
EidT & | 2@t (Fig 9) ® U a1 &9 & &90i4T 74T 2 | 36T T2
ot F&T ST FFar & F dicear arr & spEmHY gdr &1 gt
et & ford (Fig 10) =¥ (Fig 11) faa & €1

Fig 10

1
1 LAGS BEHIND V BY 90°

ELN16534A

Fig 11

90°
1
V LEADS 1 BY 90°

S¥e Sfaaran (Inductive reactance) : cemf Sfaeiy &t
srifa & amr ® v F FT FF AT & | A@fdT cemf F
Fiee & 9ai § AHAT TAT & Faferd ZEHT 91T & orr & o

ELN16534B

T & Ao &7 ITANT 981 FT Ghd | AT cemf & g &Y
AW & 9at § 31 A7 AFar £ 3@ THIT B S Tfdarer
g7 # X Fed 2| 9fF cemf St UF $¥F gRT I AT
S ¥ SR (L) A ST A gt (f) & ;i A o 2,
S Sfaarer g ax off fasie gmr =l | S¥wa gfaarsr it
T GHIHEOT,

xLzznfLﬁa?rm?ﬁ%|

WxLahﬁﬁwsﬁmm,fww%ﬁﬁﬁ,maﬁaﬁﬁr
AT LA § IF | T S 2nf a1 | gy aRad« v
IY & Al &1 S 9T M @) (A F A A )

49f% 2n= 2(3.14) = 6.28 wHfiww faw wifa & star 21

e
6.28 L
el ST qTet TRIT | 30H & 79 F71 =T R F ®&\ W

XLqﬁmﬁﬁmwaﬁ?aﬂwaﬁmmﬁﬁWW
Tt &1 (Fig 12)

Fig 12
I L
X
v @ i 3v=L\/
L
f ;
CIRCUIT WITH ONLY X | §
A
L=
XL
V,
L
X = :
L
VL = IL XL

et ILzﬁwﬁwi%ﬁq&m’ﬁ%rm
V = 3% & A 9¥ e # Fieear
XLzﬁwwﬁaTaTsﬁwﬁ

IgTEYT: 1000kHz =mgfer a¥ s=iferd o& AC o 20mH
FUST & FAT & FUSA H1 U¥ehed TaTeT FAT & 7

X = 6.28fL
6.28(1000 x 10%)(20 x 10—3)
12.56 x 10* = 125600 ohms.
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IITET: TF FISA HT 4o 47 &t o gaat qfaarar 40Khz
9% 628 ohm BT ?

X, 628

L= = 3
6.28f 6.28(40x10°)

=25x10%=25mH

= 9%« ® wiw (Power in pure inductance) : af¢ u&
AC IR7 & FaeT S¥aed & Y dtcedl q9T €17 90° Fell forey
& S fF %o s aar e & (Fig 13) # feamr @ g1 v
AT | TG €9 & [OEAwA & Aih % 9T grar @ foraar sy
(Fig 13) & 1A &1d & &t AT | afea faer qteear & v
R 7% & fordt wifvh a% &1 sfted A 9 &7 Srar 21 srid
aIfth a% A T F FIT AR A=A g A FOMHAF AMeh
T T TATTHT TS wear &1

Fig 13
Vi

90°
I
(a) PHASOR DIAGRAM

ENERGY DELIVERED
Lv.p TO INDUCTANCE

ENERGY RETURNED
TO SOURCE

(b) CURRENT, VOLTAGE AND POWER WAVE - FORMS

ELN16534D

TATHS AT HITAF Ifeh &1 #4137 2 ? (Fig 13): I 1T
& Y 96 T HT IG(fhd TN Ig TS Fear & & &a &
Foft U¥ & &Y ST T 8| F€ gaTcHS 91fth amead | ST &
TG T § oA WISTLI & 27h FaT 2 |

S ST&T % AT 9eh A% HT T@Ifhe T IF & AT FT Arert
TE ST &k FAT & | T8 HTHE I g dohd FXal & fF
FEHT &7 & fAmfad e = It vare e e § & w@r
gl (IR & &)

AC TRt # 3@ $TF B X A aredtas® wieh P I 2 |

orfth= VI Cos ¢ watts
ST ¢ FieedT X URT F S &l 2|

% g I TROT § V ST | F S Fer FIor 90° BT &,
Cos 90 = 2|

gafed P =V x | x (zero) = zero.
98 COSO & fTh U Fed & |

gfeETal otk (Reactive power) : @& &id &t T% =% %
TS AWT aF 96 T A AT ST AT | qafy snrer
TS T | 976 AAter & St | a7 weetRa srat wrwiRka
ﬁwﬁaﬁér—rwﬁqumﬁ%l

9@ S TRaT | ot g e & s g 21
P =V | Vot ufErere gfasmdt (Var)

et P sfeerelt ifes et oferr sfeed (var)
VLmﬁﬁw%ﬁqﬁwaﬁm
|Lqﬁqtﬁwﬁaﬁmﬁam

V=1 X

qferd Pq: IL2 XL (Var)

ST X 0§ 9¥hed Sfaad &1 e & #t R &% & 0¥ X o
& Smifer Wit wERT ARt AhE F wEE 2| AR o
B T@AT A1ied fob feerdt orfts & forr 9ge6 wa Var g
|7fed ared A= |

IITEIT: U TR T Tfersedt arfes ¥ 70T Y oot S
4H & 5 T8 50HZz =Tgf a¥ 1.4 uffrr ot |

g

X =2rfL =2rx50Hz x4H = 1256 ohms
P,= 12X = (1.4A)* x 1256 ohms = 2462 vars
= 2.462 kvar

e ¢ % lkvar = 1 f¥&t Var= 1000 s Vars
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R sitw L sivft = AC afRwyr (A.C. circuit with R & L in series)

S 1 3 IS F o A o fafafad wR we avw e

o FeEdr T YT T G HLAT

+ RL #ivft g T Soft aivay & sfaaren (Impedance) s &3t

o TF SO aRay (RL Soft ) § wive F T0E FAT
+ RL sivft afvay & wifw aors &Y orn w3

S SfaRres S S¥we TIaT UF Fuee Sfary & ary Sofy §
e AT & af | rms 9T, X #X R gEr & @iffa gdr @
ST ST | 9 AT X A1 R @Y § AT A & it & Ao
F ¥ R ¥ e} o dtedt 5 V= IR ST X ¥ Rret w
FAT ATV = IX ST RIX & TRV & 90° T Ty A
TR i o8 TR & A S & e 0 | A R
FreedT &1 R & fAaell &=T | SHHT FieedT qa &all ¥ & gaferdt
FAT HT A T

99 & @ YAy A IF Hd AT UF HAT TRIT & I
e % @ &1 J=i FwAr area | (Fig 1)

Fig 1

CIRCUITWITHR & L IN SERIES

4% & uF it aftoy o* AR #T W@ ¢ at 98 gl s F
BT afy aT S & afas g fafa & form s =it @w
gfaeter #iY SRaEa gl B 39T 2| gfody Vo F R )
WWWWWWW%IWW%@W%
(Fig 2) ¥ 9 &T=T 31iT FieedT HT TTEE 939 FHell § &7 & |

ELN165351

Fig 2

VR

1

ELN165352

VECTOR DIAGRAM OF R & L SERIES CIRCUIT

T TR V & IF F Y o€ alear $e¢ 9= & 90°
ST T T | gy e § AR e F o e 2
7% gafed © % 86 19 € ¥YF Ea § 9 W dteedr §
#eq 90° TT=fHa Bt 2

AT T8 T Ateeatd UF gAY & 90° FaAT Fre & 3w ok &
fo =roft oo & B ) o deear VAV & Fieword e
fafer & atve FF I AR F AFHA | BH IAE AT & HT w0

ft aferforg T =T | .l ateear V %I Hior &
V SV & T () &

FY AT FXA & ford s AR g i+ (TeT uF &) A%
Ta% & Ft 9497 of | F@ (Fig 3) § wefea frar mar & e &
& F ARV, V ARV F demifordtT anr & &7 S| ey &
4 T S e a7 A &  # Re & e e

V=V 24V 2 &
R L

Fig 3 "

PHASOR DIAGRAM OF R & L SERIES CIRCUIT

ELN165353

it RL ¥y &t sfasmn (Impedance of a series RL
circuit) : =it RL afRor & &7 &% For fa<iy & wfqarar Z
Fed €| I€ Fo ATAAA dteear V T g | 7 g 21
sfaaTeT = gfady i SRaa gfoema & wifa s & A
ST €| dfe fae wfqarem g gevi & sgE aw wfawy
e wferama w1 afger o 1

(Fig 4a) & srgaTe #iuft RL 9R9 & fordt ateedr By ¢ e
%ﬁ(Fig3)%WW@ﬁwﬁ%ﬁéﬁaVLaﬁwﬁ
FH g g amT @ 2|

Fig 4

%
Vi
o
1

VR
(a) VOLTAGE TRIANGLE

1z

Xy

IR
(b) EQUIVALENT VOLTAGE TRIANGLE

z

o
[ 1
R
(c) IMPEDANCE TRIANGLE

ELN165354
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fer e £, v = (R (X )%
= (PRZ+ (12X )?
=PR?+x.%)
=1,|R? +xL2 andXI:,/Rz +X

Er . ¥:Zsﬂﬁzﬂ%ﬂ%

EGIEE] Z:,IR2 + XL2 ohms

STET Z 31w ® gfasrer
R w & gfa<y

X AW I gfqema 2|
del= ¥ amperes (A).
Z

& (Fig 4b) 31X (Fig 4c) & 3@ @&d & & afe sfaerer s
HT T 8 Ifaarer 0¥ I Tfa=ra a6 ST gehar 21

R=2Zcos ¢
X =Zsin¢
et ¢, Zand R & &= Fior 21

soft RL afRaxr & @iwF (Power in a series RL circuit) :
& 39 9% ¢ & Iveew we9 Ay & @y g | safod
Ated # Fosd, d=, Rt Fosar 3met # gfowry 9 REa
FAT & &1 S AC dieedT difua &t St & ar e |
AT dieedr V& T at &al § gidl & 3¢ 7 & 90° Fell &
forer =it 21 (Fig 5)

Figs

0 Ir
VR

CURRENT REFERENCE VECTOR

zaaT o & % gz ufaty o g= wfoama & gus (Fig 6)
Fiee ATft #Y ofEEm At 9ret w1 [UEEe arEdfaE e
(FwtforE) wfaerdt ofte &1 @O 21 39 Ve Fa | F
TUwA H ATHTET ek PS #8d € 4% 7 at 98 ate § gE

ELN165355

Fig 6
ENERGY DELIVERED TO

ENERGY RETURNED
TO SOURCE

ELN165356

CURRENT, VOLTAGE, AND POWER WAVE - FORMS

o1tk ST T VA | Sicreet o1feh & SATHTT 97feh w4 & ford 89
TF T4 ATAE AleuEET & (VA) & ST #3d ¢ |

P =V x | volt-amperes (VA)
St P wEr wifad diee ufEEr (VA) # 2
V die ® Fol AT ateear V
| offe & g e A 21

witwe B (Power triangle) : AC afRwyr & &9 s &t
rfeeat @1 srferfReateor frar mar 2

— gredtas wfte are § daa gfaare are aRkedt & o

— gfaerdt 7t VARS ® I[@ S¥&@ 94T F GTRA 9RId
& forr

— Tt orfew VA St ff R SR L staT R Y C g ot
# gtar &1 9% @At SagEied g

g0 S & o St RL afegy &

2
V=qVg +V,

TRV xl =y (Vg <) + (Y x1)2

AfdT V x | = stomeft oifes VA &
Vx| = arfas afte are &
V, x| = gfaerdt it Vars &
gt
(39Tt =1feR)? = (areafas ofeh)? + (SfereTay arih) 2

I VA =+/(W?)+(VAR?)

(Fig 7) % 8 g0 @%+4 &1 T 3o & =eh {6 S #sht
2l

(Fig 7) =tmeY orfee waffia #edt & 38 awahior By & #vf &
= fahaT T | aTeda oTfee UF gAY | HHI el | LT ST
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AteedT &7 UAEHA BrAT & AT AT &i=r v 8 | Far 9w
V S | &7 Jorher SfaeTet ot gtar @ Y Swtue i @
ﬁ@ﬁw%lwwﬁgﬂm%lwwﬁw%
T JoeTT SRehed, Sferamdt o &1 wefia &% & OfF 2|
(3T TITHY GTRT % G UE g S afe & o swtee
FUT T FAT TS FLA @)

Fig 7
TRUE POWER (WATTS)
REACTIVE
POWER
APPARENT (VARS)
POWER
(VA)
5
POWER TRIANGLE R
o
POWER TRIANGLE RELATIONS FOR A SERIES RL CIRCUIT %
w
F e off 9T & g §,
W = VACos ¢
VAR = VA Sin ¢

wive ot (Power factor) : awdfas wfth st AC 9o &t
T ST €, FT IA SATWIET o6 & ST AF & AT fered
FIAT AT(A AT FT (6 U FeaddT & |

(Fig 7) % wrgame afe sw fawft wifer Bryst &1 adeqor & ar
T S0 o aredfa® orfeh &7 STWElT wifad & ST ®ior ¢ 2 |

1 NAED (PF):ﬂ:V—RZBCOS(I)

VA V Z

3| aRay & ol quTE w1 g anied e dae afeety
& 2 9fF g Y dieear F T FAT H O F AW A F,

Cos ¢ = 13T PF=1.

T TFR FAA YE IHA FUAT GTRAT b TRIT FT qfh
U I BIAT & I,

Cos ¢ =Cos 90° =3[

IEEROT: 10 T Tfad & TF $ad Foed #1 9w 0.05 H
& o 230V, 50 =% % =1 AC & SisT ofrar 2|

TUEAT HX

) FUSA ERT ¥ TG G

i) afRwer #1 ofts o

jii) = oy i Sae & &

iv) IR § TR ST STET I 2|

g

X, = 2rnfL=2x3.142 x 50 x 0.05 = 15.7 ohms

L

Z =R+, =\/(10)2 + (15.7)°
= /346.49 =18.6 ohms

i 1 =(240/18.6) = 12.9 Amps

R 10
—=——-=0.537
Z 18.6

i orfeR T =

ii @i = = I°R = (12.9)? x 10
=166.72 x 10
=1667 W.

iv oftay § gy av= T @

IIEOT: UF ST TRIY § 7 oA gfawry oY St § uw
0.015 h &7 S & F1d &< (i) &meT (i) 76 ok 5T 3/
200V, 50 =% Wi G & T&T YAl & ST v ¢ |

S

X, = 2nflL = 2x3.142x50x0.015 = 4.71 ohms

Z=+R%+ x> =\(2) +(4.72)

=\4+17.39 =+/26.19

i 1= @ =39.13 amps
5.11
N R 2
ji. oTfeh ok = —=——=0.39
Z 511
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R-L sioft aRaur & V 3t I & e ®en wwwer (Phase relation between V & lin R - L series

circuit)

IR 1 3 T & oaw # oA fafafad ww wew av e

o fewr T TeEfr dEren ¥ = staw aarET
o R-L aRay & Siear afesr g =<6 &A1 |

(Fig 1) & wefia aRuy sma o = #X|

Fig 1

ER
A

©

EL
h

EL112541

R-L SERIES CIRCUIT
S UF Y& I¥F T TATEdT qteedT AT & At & at 38w
T A arelt IRt germadt g, sfa emf @ suferfa &
FTL YT Ateedr & 90° qw=rTrH it ¢ | (Fig 2b) I am=r
| it 9t Sefia far @ 2 (Fig 2a), R gfa<ias & ff 7=
FieedT FATT JE O=T & a1 &war | 21 (Fig 2a, 3b)

Fig 2
—_—]
Er
a) IN PURE RESISTIVE CIRCUIT

B

1

b) IN PURE INDUCTIVE CIRCUIT ¢) IN R-L SERIES CIRCUIT

ELN165362

3 (L) & et o fasam e =T & 90° swmrHy | &)
(Fig.2b , 3¢) SafRRr safi AT E arede: E K E &
R &1 g Ao W E 9% E % A & s fe
AT &1 (Fig 2¢ & 3d) A

FaTR T fafy & w1 e v gemn (Addition

and subtraction of vectors by parallelogram method)

gt wieet @ =wv (Addition of two vectors) : (Fig 4) &
FgaR OA =ifth OB 3t &feer u& & fag O W™ & o ¥
AT € | AT a3 &1 quTY ag4s [t & Sier S dear

Fig 4

ADDITION OF VECTOR

EL112551

Fig 3
1
CURRENT
@)
0 90 180 | 270 / 360 | 450 \540 |630 /| 720
(b) Er
©) E|_
) E
©
2
8
Z
5
w

g gAY Tgdst OACB # q¥7 &%+ ¥ fag 0 & &t OC
i |

g OC gt |fesn 1 afiurfaa |fesr &k Hear 2|

gt @feen ® =werar (Subtraction of two vectors) : afE
wfeer OA #i &fdw OB & werT & (Fig 5% 9iga™) (OB — OA)
ar OA &t fi® ae1 3d 2| f5&@ OA' =OA &taT & | 31a aaT=Y
TGt OBCA'. &t T F¥d T X 9gs & fag '0' &
dr= 7 F OC gT OA ¥ OB &1 aRvuifaa afier =
g

Ae——— pp— A

EL112552

SUBTRACTION OF VECTOR

Electrical : Electrician - Related Theory for Exercise 1.6.53 245



OC=(OB-O0A)

oft Tt afadiy T 3w & R 9¥ ateear &1
afew fafyr & =t v el aiear & gomn

oY ST ATl &7 Yeule € | sofordt Jt a3 denet &t
TF % sREd (Fig 6a) & &Ik {3 ST a&ar € i IaT
T &7 6b & gurrAT AT |

(Fig 6¢) ® FurragaT stfaer warfr fafer g &t faerefier wramen
&% (E , E ) diee & ST ST JhdT 2|

(¢) VECTOR

{a) PHASOR DIAGRAM DIAGRAM

{b) WAVE DIAGRAM

ELN165366

*aa anvar I @ava AC gy (AC Simple circuit - with capacitor only)

SEAV [ TH UG F A | o fawaforfead w1 #A a0 &6

* HIA qIRAT I AC TRIY FT TLHTIT FLAT
o V3R I & Fan @ & oI HeAr
* HIA Y& qTRAT H A6 F A6 F7 |

Faw gTiar I aa (Circuit with capacitance only) :
TH AC TRy § Sifia aieedt 9T Ieae 9T | radt faom
afRads gtar g1 (Fig 1) AC aRaw ws darfsr us fRom #
dteedT & AT 35 S & FR0r geed A giar €, 9«
qicedr § FHT SHT YT BT & FA T gaTted s 2|
AfeT @R sra o IEY fRom & smafie &far €1 werEey
e AR qieedT FT a9 SiAT 8ar & FARA & A )
I aldedr AfeF &t AT 2|

Fig 1
1st QUARTER | 2nd QUARTER 3rd QUARTER | 4th QUARTER
. ‘ ‘ CHARGING ‘DISCHARGING }
I
I
I
I
B I
2 |
= I
-
o |
> |
no i
w
3
a P
1Pl
dTe T
CHARGING DISCHARGING é
8
AC CIRCUIT WITH CAPACITOR ONLY =
o

A HETRA A 0 qif F1f Fear @ AR AR ger e
FIAT S| AT qfeedl & T ST G0 IHHAT FEA T
FRA f &9 & fFeEfE & Jar | ag daia I
TR BT T T a7 © At 34T e § e 9 ved
fafem &t e |

IE IF G TF ST L&A & A aF AR qteedr I4: far
YT AET ¢ 3T AT AT A1 g it & | T8 Ymatda
ATV AT AT ST AC & 99 9% | 9ed uF I
# ST are § gady o # gar 2 | gaferd 9w § uH AC o=y
=T warfea &t 21

Zford FET ST qohaT & & a=fY o gorfsr DC &t TehdT & 9%
AC &t ST 24T g

Ficea ST 4T qF= (Voltage and current realtionship):
S UF HETRA 9 AC dieedT &id SIST ST & at e dteedT
F1 o8 &0 & ST I, T T AT SAr & TRaq F

Afreaw o yarfed &6 & (Fig 2a) |
( VOLTAGE
(a) FIRST QUARTER CYCLE —/
_—DECHARGING CURRENT VOLTAGE
CURRENT
DIRECTION /

(b) SECOND QUARTER CYCLE —/

Fig 2
CHARGING

CURRENT
DIRECTION

CURRENT

)
)
O
Il
L

~CHARGING CURRENT VOLTAGE
CURRENT
B DIRECTION
@ oL 180°
A + 90 70
N
(c) THIRD QUARTER CYCLE —/
DECHARGING  CURRENT VOLTAGE
CURRENT
DIRECTION
90° > /|s60°
(d) FOURTH QUARTER CYCLE —/

EL112712

ENERGY TRANSFER IN A CAPACITOR CIRCUIT
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T F1E0 & fof afeeat sewfiv forfa # & ofie e efimem
F5 faerdt eifas fm oo a8 @ar| gafed o7 & s %
FIER AT g &7 Ay wfq g € a uF ag dteear a9
aRT YaTied X qFl ¢ |

i ateear # g i 9¢ AR qfeest q¥ SAraw (S €
AT Br@wy eidr 8) fAffa giar €1 maw Fieedr a9 &@iq
aleedl # TF Fhad fOg ITIT FAT 8 AR ORT § FH
et 2

S Eid dteedr 3799 free 71 9% ag=dt & ar gl afeest
IR SATA Freeal ATAHAN STAT & | T8 AT AN ateedT F Qo
w7 & A % fordt ot &t @ i afkwyr oy yare €%
ST 2|

F & Fd dleedT FH ST TR FLAT & Faresy afdet
e a3 smaw & efime & fawe & sifes & star @ o
gaferd demia fARmafire g st &% 34t 21 (Fig 2b)

FieadT FH S I¢ FAT YT TaG1E I4T faow & war 22 (Is the
current flow in the same direction when the voltage
decreases?)

TR AT F 0T oAz i it 7o F fFadia o
yare &1 e gt 8| gaferd 3w fag o wx e ateear
AU AR AT & el X FH T TRET FXAT @ TRy
F o g & fAwadt & div fewn afkafda st &) ser &
ARG & WL & GRT & AT FieedT & RETHT &4 TR TH
90° FT FATAL & AT &

90° & 7€ Y ATA I AleedT & U 7% # A feTd T & |
S AT AteedT I B ATt & at TR gy fawda o
# AfFa & ATl & A I dteear & few § IepAwr Sar &
At GTRT FH ST I FAT & (Fig 2¢) | gafer ww el
X AT FieedT AR & SHT A ATell &R & 90° &
TEETTHY BTt & | S7orar HuTRE & g7y AR ateedr @t 90°
& AT Bt 8| Ao gy g & gewY AfgHaw &
€ 99 ateedr frEw am & g & o e & =ear g
FEdT &1 (Fig 2d)

AT &9 AT Jfewr @ (Fig 3) # 3@ duria ooy &
g afeEta (Capacitive reactance): T& ®9TRT &1
gTRT JaTE | S Ay arid sfaena wearar @ & gaw
ﬁxcﬁwﬁﬁ%lmﬁ?ﬁwwﬁﬁaaﬁwﬁwﬁﬁaﬁ%:

1 1
XC = =—
272fC  wc

ST&T 27 TN 6.28 21

Fig 3
I
—°
VMAX f—————
v
I MAX
90° 180°  /360° 360°
v | | i ot
F (o]
* | | | |
| | | |
| i | |
| | |
| | | |
| | | .
CHARGE DICHARGE CHARGEI DICHARGE I 5
R e — 8
=
2
w
femgfer Hz & &

C H= & orfar oY o= 2nf 2|

Y YT, TITHTT Y wifa 9y afaena et afaema
FEATAT & A T MF § = FA7 J@aT1 & Faar g
gferemd ater 9oy & for oft oftw & Fem &t g G s
Tar € (Fig 4)

Fig 4 .
M)
N
PURE CAPACITIVE CIRCUIT é
VC = Ic Xc
V, V,
IC =_C , XC =_C
X¢ |

asT,lcqfﬁwﬁ?raTﬁ-er H ST aTelt &
Vc‘v"raTﬁ‘ar & fodt ¥ ateew # ateear
chﬁ?ﬁwﬁwa‘mﬁ

IFTERT: 10 ATEHHS HEIRA F1 UF 200V, 50Hz Syl &
STIET ATAT &, €T T 0T H3 |

el X iR gfasma
C
1 10

XC = =
2zfc 2w x50x10

1000
X. = =318.4 ohms

C
Y/
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200
lc =——=0.628 amps
318.4
7= aikar | @i (Power in pure capacitance) : J&
TRAT H aleedr Hi¥ 97T UF ga¥ & 90° Far {7 eid 1 (Fig
5a) § oT=T H FAUTHT e @ 2|

(Fig 5b) % 18T V ¥ | &7 Ut 91t @ =iar &1 &x
g ¢ & g & & 7E faga &= § wwetlRa I uE
T ST & & | 2k &1 75 & | TF F1I1E 99 & 9997 Je
aeft gt gl & fARmafeE & ax &ita & a9y & Sy &
3 THR & GTRAT | Hq ardfas qiw P g €1

Fig 5

Ve
(a) VECTOR DIAGRAM OF CURRENT & VOLTAGE.

iv.p
ENERGY DELIVERED

TO CAPACITOR

ENERGY RETURNED
TO SOURCE

(b) CURRENT, VOLTAGE AND POWER FORMS.

oA st sifey P &S gTer &t el @ A% & g6
e &t a4 F BT =AM |

ELN160175

T qreatas aridiT ooy & fod gfaemdy ot e & ama
gt 2|

P :VCICWWW(VM)
q

P ufeemer oife atee femx & sfaerdt (Var)
q
VCW%WWWWﬁ

Icmﬁmﬁwq@'{ﬁ

T.% VC = |CXC
then Pq = ICZXC var

2

Ve

X

X Py =

Cc
] X = TRt Sfosma o\ &

q: SferETdl Y awdfas ofes & @i a9 €, R & &
chmﬁm%lwﬁaﬁwﬁﬁ%ﬁﬁm%ww
VARS & ST FEAT =9mted |

FIEAa® b IR #1 Wifq areafas arRd gy &
wTfeh T o r BT

TaT 4?2

e gaferd gtar @ 5 uF arRefir ooy & e % dteear &
&= For 90° 2| 4fF cosg= 0

IqTEYoT: 100Vars &t Sferamdt o1 uF 10 ATSHire JETRa
gRT UF 0.87A &1 €T & &0 off ATt & | gy & o
F

g

Py 100 vars

Xe=—%= 5~ =132 0hms
I.> (0.87)
1
aq: f=
2.7.X,.C
1

" 27x1320hmsx10x10 °F
=120 Hz.

248 Taferwd : TawnEA (NSQF @@¥ 5) - 3™ 1.6.53 & awittea Reia



AC tsa #at qRuy # wihw v wive 1orw (Power and power factor in AC single phase

circuit)

IR 1 3 T & o # oA fafafad ww wew av e

» @ ™ TR A @ U wa FAO AC TRy it o st wiive o @ o wAn )

7= wfaety ® grav (Power in pure resistance circuit)
e forfaa g 1 s@T F3a wiiee & AT A AT a2 |

1 P=VxIl watts
2 P=1, Rwatts
2
3 p:E_ watts
R
IO 1: T 250V Fufor & gfadife o g of € ot

Y AT Y | ST ZHE 41T 0.4A @ 3T g@eht afa<iy 625 A
(Fig 1)

Fig 1
i=04A

250V ~

R=625 Q
LAMP

V=
SUPPLY

EL112921

P=V.xl
250 x 0.4
=100 watts.

Alternately
P=I°R
=0.4x0.4x625
= 100 watts
2502
orP=—=
R 625

250 x 250
p="r

625
=100 watts.

% oY AR AT FAT A & FAT FOT I AT ARE TO0F TH
& zafo Witk F dteed AT TR & AT FT a4 2 |

IETERW 2: ac TRIT H I JTEATI FT 918 50W & | 91X &
ey Aot § JeT ufEEe wrft 1.5A Tedr § WX & wfaere @
TUET FE

&

Fa e P=17R

(Fig 2) & i,v, p # 99 == X aar &9 e @ 2|

Fig 2

Pmt P

lR
P (avg)
Vin + | -—

0 . POWER IN A PURE RESISTANCE
\V/

ELN165382

CURRENT, VOLTAGE, AND POWER WAVEFORMS

f3ar & :1=1.5amperes

P =50 watts.
zafed,
P 50W
R=—2= 5 =22.2 ohms
I2R (1.5)

Jrta® S¥w § Wik (Power in pure inductance) : afg
ac IR # Fael Iae & aF dieedT A ¥TXT 90° FaT ey
g ST R ATHF qT HOTEF Ak adl © | @i qF
ST IRTY § =7 w1 I eni |

7= eniat # wive (Power in pure capacitance) : afe o®
ac TRIY | et TR & af gHST dieedT SN 8T 90° Fell
fire 1 X dieedr d9T o7 & AeAE AT FH I[OEAwS
SATHE AT FOHS A1 TREAT a7 & | FA@eT UF JF
Tt oo § = wie g+ 2|

SAferwter FraaTEs Sfae™t &1 pF I=rHY gidr & w=&ifE awt
T e @@ # ac WRF Al Bl S| St g T & WROE
(Inductive) =¥t &1

TF @Y ik qOF F aiwErRsE TAwE (Detrimental effect
of a low power factor): o1t % % A TOf THT &
T FA & ford TF 230V, 50Hz, 1hP #tex 9% fF=me & |
719 o foF 7@ 100% 3&7 & | 1Y 746W &t aredfas orfxh ot &
39 Atex # faf¥rs 0.75 ww=erte qurE shm | (Fig 3)

aTfeh urw 0.75 & &arg 230V & 746W 37 & o aifea awr
HTT

P

|:
V xCos 6

A
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Fig 3 1x=324A

1,=288A

1y=433A

{b) VECTOR DIAGRAM

P=746W

Pq
681 vars

(a) CIRCUIT DIAGRAM

{c) POWER TRIANGLE

ELN165383

_ T46W
240V x0.75

a9 W o & Arex # Gl yEwr srfa wifte o o atar
& ar o aifea g

=4.144 A

P

I:
V xCos 0

746W
I = =3.108A
240Vx1

RC sivft aiRuxr (RC series circuit)

e & f uw ffead 7@ & awafas o &9 F o aifeq
TRT &7 A I [UE & UF & FF S 9¢ A(AF A | 3=
g7 &7 3 AET & AW aTel W0 ATl § AFF ot &1 |
areaa # afe e =Earfas gfawe § it 1o 85% (0.85)
& FHA & Al [ STHIH S847 §T UF ive ok 30e faifea
faraT st @ safed 9% wfqem & wfts urs deie sravas
gl

wifvk 7o "@ate (Power factor correction) : \IX & &t
ST FTeAT YTRT &7 AERAT F&T ITANT FA & ford & s 3=
PF 31T U AT pF ST @9 U &1 A9 etdn 2 |

TS IO WA A W, U¥F Fied, T geATfe St qe= Ty
TRT ot € MY FHT IAT e & S a7 e STt & &
SIfA et F A" WS SATAT & & FOT Y pF wr IAA AT
TAINTaa FEAT A9 eiar & orad &=y dieedr & Afersaw
FelT AT F & A% | TATq AT HI0r O Ht AT Aferw v
& B FAT Tred | I I anfkdi T 9nr & gidr @ ot U
AT €T a4 FXaT & |

GETRT &1 Shed WM & 1S AT | STreqT =iy |

S 1 3 IS F o A o fafafaa wR we avw e

+ X, T Fgia F I9E@ AR A0 A RC I TS | qROTRE ot @

o 9TRE TOTF H AT FLAT
+ TIRF TOTE ST FIOT A FLAT
+ C &t 9| #F¥a T RC T9F IUT* Ht J<h FLAT |

ml%cng?ﬁqzﬁtr&wﬁwﬁ?ﬁaﬂﬁﬂm(xc)wwm%
v myfd S (f) (Fig 1) % gam aedt 21

Fig 1

— f

ELN165391

RELATION BETWEEN FREQUENCY AND CAPACITIVE REACTANCE
X 1
c*7
f
s eriRfae wfqema X # g st @ oy o=y § & Sr
C
g |

1

loc—
Xc
gaford aTiRadia afhe & gy f & e a¥ aRww a=7 & gfa
BT & | 99 us qfRwer # wfawry (R) griar (C) i smaf ()
T & AT 6 Ui cos O Fr=r & wifq 1 8t " 2 |(Fig 2)

Fig 2
J R c
— 1 I
|
Vg Ve
V,fHz
e} O S
R.C. SERIES CIRCUIT é
X 1
.-
2xfC
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Z=|R? +X?
C

R
oifts qo% cosG:E

IEEXT 1: 50Hz ATt gy & ft % 20 &7 0 §=nie
T 100Q 1 T Ffa<ry Soft 50Hz ® SreT Srar &1 9rivs
T 71 # | (Fig 3)

Fig 3
R=100 Q

@

e} 50 Hz e}

EL113013

R.C, SERIES CIRCUIT

1 1
2afC

Xc
22 6
2X—x50x20x10
7

~ 7x10°
2x22x50x20

~ 7000000

44000
=159.1 Q, say 160 Q.

Z=\R*+x 2

=+/10000 + 25600
=+/36600 =191.3Q

R 100
PF=—=——=-522

Z 1913
@aﬁwwﬁwﬁaﬁwuﬁﬂmxcaﬁﬁwzﬁﬁm

T s gwar 2

3 1
~ 2afC
et xczmﬁﬁwwﬁwgﬁ

f =smgfr Hz &

C = grfRar &e &
@RC-CWWﬁWWWﬁﬁWQﬁQWW
aqwd 2|

Xe

P=Vicos 6 ST P =4drc & aift
I =uferr & gy
cos 0 = s TUF

FieaaT HT AW ARG AT pf FIOT @ A FIA | THHT TN
(Fig 4)

Fig 4

B

a) VOLTAGE TRIANGLE b) IMPEDENCE TRIANGLE

ELN165394

VR =g R & f&=t a2 a1 (| & & et ¥)
Ve = X #@eieer & faRt a2 arr (1 & 90° ww)

V= V2 +v2 = J(RY +(x.f =1yR?+x2

2= |RP+X 2 et Z afewer # sfamar 2 |

aTfth U cos 6 = R/Z.

pf cos® & Hvr @ &t Frawturfadta arfyoft g sa o s
GETIR

e 2: AR (Fig 5) ® wefiid R =oft afRkayr & faw s
e=d ’

Fig 5
R=30 Q

—1 1 |

200V, 50 Hz

R.C. SERIES CIRCUIT

EL113015

379 § wfqarar (Impedance in ohms)

« UfEET # g=T (Current in amps)

« JTe ¥ grafas wis (True power in watts)
« Var ¥ SXfUra orfts (Reactive power in var)

« dice UfEER § arwrEr wifte (Apparent power in volt
amp.)

« 3ifws U (Power factor)

Tafered : TR (NSQF @¥ 5) - g™ 1.6.53 & awitta Reia 251



1 Impedence (2)

- |R?+X 2 =/30% + 40 = /2500 =500

V 200
2 T |=—=——=4A

Z 50

3 amafa® TREW = I'R = 4” x 30 = 480W
(FAfrex # qrax & @ = )
Ve =IXc =4 x40 =160 V

4 ﬁTﬁHNﬁBVAR:VCI:160X4:64OVAR

STTET 316 VI = 200 x 4 = 800 VA
R 30
PF cosB=—=—=
Z 50

gfearar B wifts B i ateedr fBrge sram ot F o
(Fig 6) # fam w3 2|

Fig 6

0.6

R=30 Q 480 W

53°,1" 53°1"

X =40 Q 800 VA 640 vars
Z=50 Q

a) IMPEDENCE TRIANGLE b) POWER TRIANGLE

1=4 A

¢) VOLTAGE TRIANGLE

ELN165396

IarERw 3: 160Q F  enfaw wfawty & @ #vft #§ uw 8uf
TRAT FT TR =T & | 7Raw § 220V AC, 50Hz #F ateear
srafua & T 21 (Fig 7)

Fig 7

160 Q

220V, 50 Hz

ELN165397

TOET & |

a) TR sfaeama
b) wfaeTer

c) g

d) &t =it

e) Sxfora wrfe

1 10°

a) X~ = =
€ oxfc 314x8

=400Q

b) 7=[R? + X2 =160 +400?

=+/185600 =430 Q

vV 220
C) I=—=——=0.51A
Z 430

d) W= I'R =0.51° x 160 = 41.62W
e) VAR =V x1Sin6 =220 x 0.51 x 0.9291
= 102.2 VAR

R 160
Cos8=—=— =037
Z 430

(6 =18"18 Faa # gA)
sin @ =sin 18°18’ = 0.9291.

eV 4: (Fig 8) ® wefifd afkwa & womT #X | a) griRed
gfaaTaT X b)  @enfes #t enfRRar

Fig 8 c
[|
I

1=0.16A

R=50 Q

12V, 50 Hz

ELN165398

S

VR =IR=0.16 x50 = 8V

Ve = V2 Vg2 =127 82 =80 = 9V (App)
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6

I S Fig 11
C= = = =57uF V=12V
2nfXe  314x56 314x56 1

IR 5; 125V, 60Hz F1 aicedT & T AU Tfa<rer &t

V=20V V=16V
St § uw iR & ST @y &1 9Rey #F 2.2a g @ ’
wfaeter & oifts &/ 96.8W ¥ @emiRar & vy & | wfa<y
#AIT etfRar # wvET #41 (Fig 9) :
VOLTAGE TRIANGLE %
Fig 9
96.8 W |C| ga
—{ R ] 1
224 a) vz\/vRZ+vC2 122 4162 — 144 + 256
O, m
g =+/400 =20V
125V ,60 Hz z
g W g 'R = 96.8W SETERW 7: (Fig 12) # wafife afwy # womr &%
96.8 96.8 Fig 12 R |C|
.'.R:T:—2:2OQ ) 1
| 2.2 v ‘ v V=12V, 50 Hz
R I ¢ Cos ¢ =0.31
V 5 2
SIS :—:—2:56.82§2 & v b
I m
a wfays dieedr
: 2 2
%ﬁﬁﬁ?ﬁ‘@ﬂxc= Z°-R b af= wferama ateear
T
= /56.827% - 202
=53.20 a V,=Vcosb =12x0.31=3.72V
X =1/ (2rfC) b V.,=Vsin6 =12x0.9595 x 11.4V
C
2nfC =1/ X, FeFeY TP Fig 13
2x3.14x60 x C = 1/53.2 Fig 13 ]
R - ° U
C=1/(53.2x2x 3.14 x 60) — Cas p= 021
VC Sin ¢ = 0.9505
=0.00005 F =50 mF v o
IR 6; TEfET aRay (Fig 10) i VECTOR DIAGRAM :
‘g feE® (‘Time constant’) T& qot e fem danfes &t
Fig 10 c AU F dleedl (ATAIT aleedr) & 63% AR e & forr
R . . .
N H T | Fifod a8/ & a99 RRi® Fed 2|
T t=RxC
v - SEl 1= #be # UF qud feriE
(e} O 2
CIRCUIT DIAGRAM % R = 3ﬁ'5|' ﬁ- Sl'ﬁ'{:i'a'
a dleedr V & TuET FY C = %= ® grfar

b ateedr s sfaa &3 (Fig 11)
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a1 # (Fig 14) fRemar wr & & afg

Fig 14

L+ q00v L-

ELN16539E

C=5uF, R=3MQ,at
1=5x106x 3 x 108 =15 seconds

ATAIT Fieear

u% @A R (1) = 15 sec., V =63V

=100V

T @we (R % aTEd U |@ures 99.3% A& giar @
FAEIRF TAAl & ford 98 9 forar siar € f& e ot
T § A €| g qunes 5 any (R § qefe gar @

(Fig 15) U& a9 a3k S&fia &t 2|

Fig 15

FINAL
VALUE |

ELN16539F

CHARGING CURVE

AT & a9 UF IO w09 SE i §uTRa 9 a9 fRriE
# fAerafora &tar @ (Fig 16) ® us fA=maem oo fewmar i |

Fig 16
Ve

INITIAL
VALUE |

ELN16539G

DISCHARGING CURVE

T (Sec) o T 7= (V) AETA qieedr q¥ qieear (V) TR wfeeat & @
EEIRLIGL RIS 100 0
1t 15 63% of 100 =63 0+63 = 63
27 30 63% of (100-63) = 23.3 say 23 63+23 = 86
3t 45 63% of 100-86) =8.82 say 9 86+9 = 95
4t 60 63% of (100-95) = 3.15 say 3 95+3 =98
51 75 63% of (100-98) = 1.26 say 1.3 98 +1.13=99.3

RLC =it aRayr (R L C series circuit)

S 1 3 IS F oA A o fafafaa ww wew avw e

e RLC =sioft qiay & afvure sfaema (Reactance) &t womT #3AT

+ Ficear, Wit B #t smRae s
+ it sgeTe F oo smawas wivernt #t @ w2 |

% AC Tl Fell TR &1 FoadT H¥ s gfaae, 9%, AiY
garf Soft # S & | fafss st (Parameters) Sameeor &
FFATY AT H AT et & |

Ierevwr: (Fig 1) § efia =<t &1 719 R= 40Q, L= 0.3H
C=50uf, ST ateear 240V, 50Hz € ToFT ¢ SO sfaam,

TR Sferend, & S, sfaarar 9w § aw=r, R,L,C,
F fort o Fieear aw@ wits qurw Atk wfte, Sefoe ot =i
STl o1feh ww fdErar ateear =i oifte Bryger oft sfea
F
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Fig 1

240V, 50 Hz

EL113111

RL C SERIES CIRCUIT

RLC ufRax & qfRuifia sfeama & womn #<=1 (Calculate
the resulting reactance in RLC circuit) : ac 9R9s #
TWEE MY aTiRar &1 @ fawd| gwe gar 21 Fed &
ST SfereTa & 1T dicedT qTd ATs9 1T & 90° S Ty
BT 8 | I Fuset A quiRA F R 9¥ ateedraa 1800 far
gAT & ST UF gAY F ANy #d T| S 39T H &
gferena &t uET & ford |

SO =TT
X =2xnfL =314 x 0.3 =94.2Q
TR wfereama

1 1

X= = = =63.69Q
22fC  314x0.00005 0.0157

= Sl - X - X, = 94.2 - 63.69 = 30.51Q

wferaTerT & 7TorAT #3447 (Calculate the impedance) : X
@3 & afwer & sfaerer ST & ST At € | Sfasra, gfawrer
A ferama @ &1 9o gt &1 3@ afkey & gfaerr
40Q, wfa=ryr T 30.51Q fRurfae sfaema & | afwer & wfdamer

Z:\/RZ +(X_ - Xc)? =40? +30.512

= /1600 +930.86 =+/2530.86 =50.30 Q

wferamen B s #¥ (Draw the impedance triangle):
afast T (X) arer oy gy it s w1

9T Gew F AT ITYH T A 1CM = YQ I R % |
e &% |

YT feer & Taad AT @1 +Y q87 ¢ 9o gfasmar
Fl 2H LA & o THET FAHT F (1CM = YQ).

uw d@reft arfoere dga afier T " 4y 9w W SEa
#TRar & (1cm =y ohms) @1gT I 3T 7 ug ddfy  arforew
A afder YET de HOT-3E I 9w gRar & (lem =y
ohms) &g a¥ |

(FigZ)%a@*ﬂch%waﬁx g weT 3| y& wfeama we
30.51 S & | AT AGHS T T FH AFI HT I 1 |
FATAY FgHST & Ffersmd RLC iy &t wfearem 1

Fig 2

|

—Xc=6369 Q

X =942 Q
z
|
|
|
|
|

——

X=X (94.2-63.69)=30.51 Q

X|-Xc =94.2-6369=3051Q
/.2 2
Z=/R+X-Xg) =503Q

IMPEDENCE TRIANGLE

X¢=63.69Q

ELN1653A2

/& Sfaend S Sfaarer & 7 o afoede f&fyr & s G
AT & I IIE qfew fafy & o st fFar o g 2|

RLC a9y & 4T ¥ diwear ¥ A1 (Measurement of
current and voltage drop in RLC circuit) : R % fa<i 1%
FRATIATE , L=E ¥ C=E & 3% ATl &l T HIA &7
qsrﬁ%f&mRmmél ‘

E.=IR
E, =X,
Ec =X

RLC =oft af¥war & v (Current in given RLC series
circuit) : g =vfy ok & yrer | = E/Z = 240/50.3 = 4.77
amps. &1

RL sioft qiay ® gz sifvfraifa s & g yame aiean
FT IJEATET r¥ar qwrTE € (Identifying whether the
current flow is leading or lagging the voltage in a
RLC series circuit) : 9f% o8 u# vt aRwsr & At
aRaer & @i WRT § 9T g9 gni | A wfatas Iw
A TR & Ol 9% dicear a1d @i |

ER =IR =4.77 x 40 = 190.8 volts

EL = IXL =4.77 x 94.2 Q = 449.33 volts

Ec = IXg = 4.77 X 63.69 = 303.80 volts.

sfete® & AT a¥ ateear 190.8V, ¥ 3@ Sfasma 30.51Q

& o oY aieedr 145.53V & &fesr I 240V Enm 99
T fewaT T &1

E=E’R +(E ~E¢)>?

=/190.82 + (449.33 — 303.80)2
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=1/190.82 +145.532
E = 240 volts.

(Fig 3) % AT dteedr @fewr o #1 @+ &t i aar
gl

Fig 3

E|=449.3V

El-Ec
=14553

,,,,,,,,,,,,,, LINE VOLTAGE
=240V

0=37°3"

ER=190.8V

Ec=3038V

VECTOR DIAGRAM

T T & AU gfRey § gT F uw Gfasr dgedf W@ F w0 A
S T SET €| dieedr A 145.53V Sfo sfaarem &
ﬁﬁw%aﬁraﬁﬁwzrﬁmmmﬁwaﬁgw%m =
E/E 190.8/240 = 0795C|'9?=|1T|1ﬁ3T’<’ﬁTP =R/Z= 40/
50.30 = 0795WPF%|wwﬁwﬁwaﬁw3730wmﬁ
g\ s &Ry atear Yar F f$ =t |

UF RLC =it aRur & afe X sfer & at Ixw & o «®
AT feE 2N | ST AT IX @ ST FT S AT 21 g
wa&RLWﬁwﬁxcéf@m%ﬁW%ﬁﬁw
aﬁmw@m#ﬁaﬂ?sﬂaﬁlxcﬁmﬁmmm%l

IULTH IJeTeYW § fawrasw 40Q F Rt 9¥ dieear i =
190.8V |

ELN1653A3

I 0.3H & A<l 9% Fieedar ot = 449.33V
gTRar 50mf & R 9¢ aieear o = 303.80V

T AT & T @ fF 9 o g & Y 9) ateear o
ATYAT ateedT & 1far & | 3aford Svaa i @uria & el ™
AT &1 Fieedr 19 A9 F ford Siiew & Uedt I€ 3@ AT
arfedr & gaer o s1fes €1 59 IeTeeer | (0-500V) @

wiivk T ¥ TTorET FA (Calculate the power factor)
e it wifq RLC #ioft aftaer &t arfvs qore it sfaarar Bger
7T Ateeal VST g ST fFar S @ear 2

Er

R
WW:COSGZ EZV

R 40

rF =— = ———=0.795
i Z 503
_Er (1908 _ 4745
V240

g ot # 7oA ®2 (R ) (Calculate the active power
(R,): Fr ot Pl e o7 gy ver s Y arorer <1 ot
el T
P =EICos 6 =I°R

=ElI Cos 6=240x4.77 x 0.795

=910 walts

=IPR=4.77?x 40

= 910 waitts.
i wiite P & o #®=AT (Calculate the reactive
power P, ): e a T SEfore wifeh 1 o 1 o A
gl
P,= El'sin 6 Vars

=240 x6.77 x 0.6074
=695 Vars
Cos 0 =0.795
0 =37°3
Sin 8 = Sin 37°3'
=0.6074

AT Wik # ToET #2AT (P ) (Calculate the appar-

ent power (P ))%:ﬁwy%mﬁmﬁ T T A

ST @t 2|

P .- = El volt-amperes
=240x4.77

APP:

= 1145 Volt-amperes.

wive Bryw sRRae == (Draw the power triangle) :
(Fig 4) # =ift fryet wefea faem e 2|

Fig 4

K\a
3
IN 695 vars

37° 3

910 W

LN1653A4

POWER TRIANGLE

E

FgTET qfvwy (Resonance circuit) : S/ X 3T X & a9
FFAT BT & ST RIS Y e TR T ST ST & 7 gEy
F e #X 3 | Fieear q1d VARV F 7 rafue ateedr
& o At A wwT

af¥ay &t gfaerar &1 a9 gfady & o el R & Rt 92
AT qieed &1 T A THe BAT © AT TR GRT &
I Fad Tty & Sf0d eiaT & 360 T & TRIY saagieE
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afaer S AT/ Eodto TwETF TRIAT # IIE B ¢ | 7«
XL:XC@HT%HTWQWWWW%I

4% aoft srgadt afRoet § g sifsaw &t € @ Iy
(Acceptor) TRa #ft Fed &1 L 3k C & J1d 99 & fordt 9
smgfer @ 9 UaT giaT & sgATe gy Feerdt &1 5 X =
XLWWHﬁﬁWWWWW%I )

2xfL =
2xfC

1
27yLC

gaferd gATE AT =

wifek IUTF FioT T O (AET) | A g | T| ared
TRE ¥ T8 IO | gARl ¢ (FTE) A wiewtq e wn
Z)| zafe™ 79 wgt W weT W A fOwew & w0 A
st fe T #)
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zafawa (Electrical)
gawnm (Electrician) - AC afdes

v 1.6.54 @ =t R

e Rewi \fke (Series resonance circuit)

S 1 3 IS F o A oA fafafaa ww we avw e

» T Raaee affe w1 T@_w o w0

» T Ra % fog affe v e atete qamn
« Raiam f fiFa=it JR wFEr qaqrET

o qT® & RLC afhe &1 %y ‘Q (RefFdife) samm|

e R afde (Series resonance circuit)
T Raar affe w1 z7@= (Impedance of series

resonance circuit)

Fig 1 ® % axa et afhe goiar man &1 3@ #8s LC

afhe ¥,

— e R Hiw afde (aRs Wrem) #1 3 e
H g,

— X ¥ isf¥es Retfwem =ix

- X.ohm & Fa Fufeda

Fig la & affe & 4fF Ffda Remwem (90Q) f=fFea
Retfer (60Q) & =T & affe &1 = Remem Fafea
gR | 7= Fig 1b & gwrtar mar 21

Fig 1
(@ -

c
i -
XL=60 Xc=9%0¢) -
< <
R —40Q R=40Q

© ©

V=100V V1 =100V
EQUIVALENT CIRCUIT
WITH NET REACTANCE X

B AxL:soQ

R
=
="

Ve

NET REACTANCE

X =30 Q

e
e

T
[
P —
T z = [ R% (xg x)?

Vxe

XC =90 Q

ELN165411

Roefi: afr Fde Rowem =R Remrm= &
BT N At afde w1 g2 Remwmw gefRa gwm)

Tt Remaera ¥ IReem &1 717 (ohms) a9 &, affe
F A Z, R, XL &% X_ & &% a1 & Tl f&r o aspev |
I gAferg fF X R + 90° F&Tel & & & aTe¥ & AT X_R %
a1 -90° %1 F ATeY T

258

zgforg |ihe 1 g Z T e Rufeag vy &1 %67
ufter & star % fagarel Yaret & Fig 1c ® g9 o €1 o
affe &1 g@<= Z 9 g fGar s aFar 2,

Z=R?+(xc - X )?

afe X, X, & A & at ge=| Z F dqer A e,

Z:\/Rz + (X, - X¢)?

Fig 2(a) # @fée % fog For sm= Z 2,

Z:\/Rz + (X = X)°

7 =+40% + 302
Z = 50Q, FaffeT (FifH X > X )
gfhe wie | 9 g & fRar o1 gsar &

vV 100
l=—=—"-=2Amps

Z 50Q
gafom Q¥ |ffe | dieest g9 &,

V=T R# al@s g R = LR = 2x40 = 80 volts
V, =¥ L& aies g9 = X = 2x60 = 120 volts
V.= C# ales 317 = |.X_ = 2x90 = 180 volts.

3% v s v, fRiE denlRé ¥ e RufFes qies vX =
180 - 120 = 60 X st&T % Fig 2 # gurian @ 21

7\ ® F J@mwe s ¥ RufFed wm X F awes g0
ST T 9T AT Fot AT 72 2 | Al V, AV, # %A
T A= fJY Ut aiees & 9|1 SN,

2 2
Vp =4V~ +Vy



R=40()

V=100V

ELN165412

:\/VRZ +(M _Vc)2
=1/802 +602 = 100 volts (gt FreesT)
gfe &7 &9 U 0 39 T &7Ar ST €,

4 X~=X
0 =tan 12¢c 1

feufa R RLC & w¢e fifiw & sifrwew 21 (Condition

at which current through the RLC Series circuit is
maximum)

T a,

z:JRH(xC—xL)2 Te we ¢ fF g atfe &1 3
TR JE AR & S, o9 Rt e X = X,

39 ferfa @ afde &1 =it Z 7 Faa g e e afen
FAaw o sl

F= faow smafa O f Fed & sta ooy e gfardt s
g7 fae et 3| ferfa & defdea Ruxda (X)) #iw aafafes
RuFd® (X)) 7 9 aw@< gnm | aRkee & yarfed any 3=
(maximum) & srifaa (Applied) atest & aXa SR S f&
gfady (R) s fawfoa B @ @

s e
ITAIT == & TE ST I 2idl & & dst RLC |ffe &

w2 - R+ (x, - Xc)’

e =
Z
EIEe
QTu{Elﬁ‘UT e:tan_lu

afe ¥ & Reme & smgf st s LC 9fkawr (Fig 1a)
# 0 Hz, & gar &, 39T fF gty agar & a8 & uw feft
e | geadta Ruad (X = 2nfl) o agedr & v Fafafer
RuFda (X, = 1/2nfC) =edt € star Fig 3 & e mr € |

Fig 3
XLA XL =2mfL

-V

2m fC

Xey

ELN165413

VARIATION IN X AND X WITH f

sent® Fig 3 # femmr mar @ sigae s (resonance
frequency) T ©F faeiT smafRr f aw X s X Ft 7 g
glar & | (X — X, =0).

Sueith Fig 5 &, sigaTe s (resonant frequency) T
— g Ruxd|, X =0 (3fe, X =X
— aR"y # 3EE FAqH, TEaw Tl A R & FIEx &t

— oy | IR9Y & A1 @ rfRsaw AT VIR & aqE} € |

— a9y & 4R | AR dteest V % AT g7 ol § B80T (380 6
%S T = 0).

5@ fauiw smafey f e srgare sl #er sar 2, st RLC
F s Wi @ frfy fds e #=1 ST 2 |

39 Amgft 9 FgATE BT € o4,
X, =X, &1 2nfL = 1/2xfC

gafory, sgATe sy, R @ g,

1
27yLC

f Hz .1

r

ks RLC ¥ RuRw 3w R § sgae s |

(Reactanceofseries RLCaboveandbelowresonance
frequency f)

Fig 4 # et siqa™ g« Rugeq RLC @fde &1 smgfr &
TRada & @ afkafia gt & |
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Fig 4 B A

LEADING 90°
(CAPACITIVE)

LAGGING 45° =
(INDUCTIVE)

\

ELN165414

'r
VARIATION OF NET REACTANCE

ST Fig 4 & 3@T ST &% €,

— g g f, o o Ruwdw g @

- ¥fafes #1 = Ruwe sgad smgfer 1A= &
_ w1 9w Ruy agan st f# e |

T RS RLC affe #i samersar an Q &Y (Selectivity
or Q factor of a series RLC circuit)

Figs 5a 1Y 5b &7 IT% # oidr srgar &t fafssr RLC 7fay
% forg srgamet Mt f & ST oY A= i & 8 f e,
o smafer & fom e afde Fie &1 am 5o Aftman A |
F 0.707 AT € | A7 3dB TEe ar © |

Fig 5 giar & f fadist RLC afhe st smgfRr f & s
T AT a5 1 i #dt € 7w e (f, & f, 7%) R afde
#T 9T # =g (band width) F=amr € |

de AT ARE = Af =f,—f Hz

wet, f, sadt ffde smgf oix f, fea ffde smaftr =
e |

Figs 5a 31X 5b & a1 3= ¢ I8 @7 A1aT & f& Sb 1 a8
faef 5a #t o faef A 9T Bier © | TT AFART TRAT &
FTierel %Y (quality factor), 3T A Q & JaTaT & |
RLC ufar &1 Fig 5b & wfafsar Fig 5a @t sraem sifess
Fafaed & | gAY 7fRue &7 Farferdl Faex Q it A=A
foraT S | 8,

f f
Farferd Sere = Q=—=—7 2]
A f,—f

afe Q %1 AT agd ife 2 ar defad & wterd a=wdr enfr s
AT T STelT Q FT W &7 & at d¢ #T =Aere i enfr |
it sy ol &1 Q %X T&r w9 § FE AT Sewed
F e fasiy #xar € | f@ RLC 7wy & swarir foam w21

Fig5 tA
@
0.707 l:rr\a\x
® t/
Imax
0.707 l:rr\a\x
f1 e f2 = é
Q FACTOR OF RLC SERIES CIRCUIT 3
3,
e FT Q drew _ AL _ 27k
R
1
f, =
27+LC
RLC @fée #1 Q e =t forar S Hefhar &
o 1 JL ;

e s aRwy ®1 Sw (Application of series

resonance circuits)

uw AR sgandt ooy &1 T avt aw R sar @ et
9T IS AT AT ATIHAT & T THT F TF JTANT LA
Rftaw & gar 2 |
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zafwwa (Electrical)
gawnmEa (Electrician) - AC afdes

v 1.6.55 & gt R

R-L, R-C #itw R-L-C sarmaw aRwa (R-L, R-C and R-L-C parallel circuits)

IR 1 I B & oa # oA fafafad ww wew av e

+ TF WAt (Admittance) Bryet s #3& =rear (Conductacne), JfRaT (Susceptance) ¥ TTIaT & S Twwe

i FIAT
o TRl ZIT SOTRAT, ATAhaT AT Tavadr & =<k HAT |

R-L @ATR 9wy (R-L Parallel circuit)

9 AC afeedr & R 9 W& gfastamd (Impedances)
FATTAL HH | ST AT 8 AF TRTT G ¥ T Fel g1 a1t
TRT T %1 I gtar 21 (Fig 1).

Fig 1

Ir I

o [F i1

R.L. PARALLEL CIRCUIT

T TR & AT FA A 3t fafet 2
* wawma fafer
* o fafyr

EL113321

waw« fafr (Admittance method)

. E
The current in any branch |=—
Z

=E x|—| where

:

Z

siet 1 &t afRay & wavaar Fea & srafa savaar, gieamr &
Z

faetie | wavEar &t 'Y’ & =% w21 (Fig 2).

Fig 2
g R

NN

a) ADMITTANCE TRIANGLE b) IMPEDANCE TRIANGLE

ELN165512

|
=EY or Y =

1
I= E X|—| —
Z E

total current

.. Total admittance (YT) =
common applied voltage

_ phasor sum of branch currents

common applied voltage

= 99F TA9AAT FT HoAL TT

feoqoft : sTqfd aieear # s el Vo srET E |
o w21

TF JATIAT &t 3t gkt A Ao w3 a@a 2|

o TH HEH ST ATUT dicedl & Hell § & o ATerehaT Fed
g 3T g & =1k #ed =

o TF TCH AT dieedT & qHI10 g pnfear Fed &
T b & &H FA 2

1 R
g=YCos$p=—x—
z

z
R _ R
72 R?+72
o1 X_X
b=Ysing=—x—=—
zZ z z
X
R? + X2

JATAT, ATARAT A SATRAT FT A% mho AT & AX
gt O.

Jgfd dieear WY WwEr amr &% i @ (Relation

between branch current and supply voltage)

T FHTAY RL 7oy # wfaeies i S¥wa & et 9% aieedr
E ¥ (E )@ &id & ¥ AT ateear E & a¥ra¥ e 2|
eaforr E wrast afew & | s & o A amer (1) E &
muwﬁsﬁ?ﬁ%laﬁ?Eﬁmaﬁaﬁ%(FigZ)Tﬁvgﬁ
ST atett oer (1), E & 90° qw= T &t & ¥ E & =<k &
ST &1 e F ST AT | et 2 & site e 4
Isﬁrﬁ?raivam(vmgmmzﬁr%mwmw&wm
mﬁswcosﬁﬁm%lm%wrmaﬁraﬁﬁaaﬁw%

fr= &7 For EXE@T 2|
261



Fig 3 1

EL113322

R.L. PARALLEL CIRCUIT VECTOR

R,Rw,XLWaﬁTWﬁmgwqﬁwﬁa‘rw
IRTEAT Y FA TR HT 7947 |

IR:wﬁﬁwﬁm@TW

lc = Tl & S aTell ATET STHTET &=

FATAY 79 # R & Rt 9¥ ateedr (E ) ¥ Fved 92 (E )
T & | e & Rt 1 IR AT (E ) F FRT guee
a g (1 )mﬁﬁﬁ%lwﬁw%ﬁc%rmwﬁrw
St & o SRT e ¥ SRR A S & AT a2
(Fig 4)

Fig 4

|
|
|
|
E( ~ ErR |R Ecol ;
|
|
|
|
|
|
|

ELN165514

lc = 3« & Sfa<ie AT 9w & yarfed €
Ecr = ST % F1R01 goedt & ateear wra e | % &
FAT A

EcL = S¥&c % 101 U8 # deedl I1d 1Y &7 & 90°
sErTHT  (Fig 5)

Fig 5

o
ELN165515

IR = yfa<tas & 9T MY E & a7 For A
lc = IS § g AT AR E A qw=wml o
IT = FA GIRT HOT ¢ & TTIEH E

Ih TRT™ FT ARE [E cos ¢ & X F&f O Fa g7 AR
AT ieedr & &9 ®ar &ior 21 (Fig 6)

Fig 6

IresisTor™ IR

ELN165516

lco=1c

qAIEW (Assignment)

1 15W gfaere =T 0.05 &A@ & Foea &1 TF 20W &
TITF Ty & AR § ST J1ar | 19 ¥ (a) TAH
amET ® Oy (b) T AT & FA g7 A 50Hz T
200V # I ateedr & &= Far Fior|

2 T 250V & ATt e ¥ e 9w 2
a 12A, 0.8 wifth U Te=TTHT

b SATH WftFUE 9¥, KVAH Fa WX ST ITE Th[oTH
&l AT FL

3 & 250V smyfi fEe o fae W
a 10A, 0.5 9Tfth U qEETTHY
b 5A TH® AFHE 9T,
¢ 12A, 0.866 TI*HUF qoeTr

gfewr fox &1 sEs & | KVA & Fd R HX 589%
TR & AT FX |

4 15Q wfa<te F Fea AT 0.05H F IFHA F TF 40Q F
TIEHA & Wy & qHrAT ® SieT Sar €1 50Hz )

200V ateear AT & S 9% Fo € S1d w1 TE
o o )

AC o= afiay (R 3w C) (AC Parallel circuit (R and C))

SEAV [ 9 UG F A | o fawaforfad w1 #A a0 26

* AT qROY § AT GRT A qieedl & T TR 6 FI9 7 T R ST FeAT TSy H¥ 00 H0

+ it RC afRay & #ATR qRTT & AT FIAT
+ A.C i 3T vew affe & fwwarst &t gomn =0
+ R-L-C @Hi@Y #fhe a9 ART Faqm1 |

262 Tafered : TawinEA (NSQF @¥ 5) - 3™ 1.6.55 & awittea Reia



TATR RC aax (Parallel RC circuits) : T& @aT< AC
aRay & uF srvrar sifes wfaerys S qur uE sraar i
TR 91T & dieedT & O W gHY ® e A 2|
oo Faet Tfawie® 6 Ta<ie® aEr § Faor gt I
TR T gt 2| ((Fig 1) &id atedr & e areir amr
st ® fawrfora &t St @ | st fafser omarett # fafem
R gl & Y o=y Svft RC afRwa &t wifq us 3w e
e Bt 2|

Fig 1

THE EQUIVALENT OF THIS CIRCUIT IS THIS CIRCUIT

| IS |
A
N
|

C C C

R
= ! = 2 6) TOT:: ot
3Q 2 uF 3 uF 2Q 5 uF

Eapp \ / Eapp
R,x R _\/
Ryor= — 2 Cror= €1+ Cp
R* R,
= +
_6x3 2*3
6 +3 = 5puF
=20

EL113411

R.C. PARALLEL CIRCUITS

Fieear (Voltage) : T GwT=T AC a9y § 3T st aAT=Y
afRqy # wify sfaa ateear @ g@F amET ) g 2|
Zhfod oM@ dieedl UF gAY & @9 srdl & | e /v dmt
T # gd 2| (Fig 2) zafer afg st 1€ afRkayr ateear sma
g T @Y #Y Ficedr FTT FE THA 2|

Fig 2

~ Eapp Er - C2 Fc
220V 220V 3uF 220V

a)IN A PARALLEL RC CIRCUIT, EACH BRANCH VOLTAGE IS
THE SAME AS THE APPLIED VOLTAGE

Eapp. ER. @nd E¢

b) AS A WAVEFORM

—

Eanpp: ER. and Ec

¢) AS AVECTOR

ELN165522

¥ ateear Q¥ TRaa # I9 ST & 78 faft off awwe RC
qfwer # @fewr ¥ev & o uF 9T der & ¥ § F1F Fdl

2| eryfa fret afew fer d doof aftwr & R o sor Tw=
gy Fieadr & qHE &

Ty gieedr & @y @ T oFd g2 gy € S afewr
I 37 faom W &t €, F HETRA dteedr T Sl S arett
€T 2 |

T &Ry (Branch current) : @AY RC 9ROy & I3®
ITET § YTRT 3= ATETAT 1 €T & @ eidt & | 37 omar ®
EITRT hael ImET & T 9% atcedt Sfare sreEr gaat arfkd
TeforF 9w fsfe &l 21 (Fig 3)

Fig 3
Eapp
R=3K = Xc=150 Q
300V
Ie
g
P 90
— Earp
EaPP
CURRENT AND CURRENTS LEADS

VOLTAGE ARE IN PHASE VOLTAGE BY 90°

e

90°
Ir EaPp
CURRENT IN CAPACITIVE

BRANCH LEADS CURRENT IN
RESISTIVE BRANCH BY 90°

ELN165523

I SfaRrae arrET F AT dEr | = E, /R € |

I ATAT ATET & FHHOT HF 0T | = E
g 1

/X ¥ T =y

APP " "C

TR omET § rEr dieedr & 90° SETHT gt © | g 3t
TEE Fieed™ a9 & gTRdE omEr & oy (IC) sfaie
ot o=T (IR) & 90° 311 g1 =mted | (Fig 4)

Fig 4

CIRCUIT CALCULATION

— Tz
ILINE Ine = VIR * e

_ 2 2
EAPP("") H ' - = (7 + (05)

In o = 1.1 AMPERE
1A 05A Tan®= g /1g
= 05N
=05
6=266

VECTOR REPRESENTATION

ELN165524

R Eapp
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@A &= (Line current) : gf% RC afRwy & smmar aw
TF A & FAT (WA B(cl & FATCH ATEA 1T B AT FA &
fordr 39T Afeer T wwar =|rfeA | (Fig 5)

Fig 5
LINE CURRENT

CAPACITIVE

CURRENT

CAPACITIVE CURRENT LEADS THE RESISTIVE CURRENT BY 90°
THE LINE CURRENT IS THE VECTOR SUM OF THE RESISTIVE AND
CAPACITIVE CURRENTS

ELN165525

T omEr 9Ted 90° FoT fU=T BidT € 3% @RI UF qHH
frger A #3a 8| ReE F97 @ gy &t & ArEa awy

I e T 0T § 6 g

e = IR2 + |02 BT & |
gfe aftay & gfdemn #ie aafta aieear sta & ar T
T & S TOET o % e & S gt ©

E

| e =—
LINE
Z

9 RC afioer &t sfa=te et seifud ateedr & a1 # diX
TR T 90° ATt &t @1 FIAT TSt star e
1T T AT AT dleedl & U %of BT & 7 Sfar & S
90° & = wfehe 0° & =tferss &tar 2|

T R 3@ aTq ¢ T wear @ & ariede srerer gfaeh
o rfere 2 | afe e g orfees @ at sior 90° & aH iy
g | SafE gfays g % aftw g o 9= 00 & |+ iy
g |

FHT FE TF gAY & 10 AT ST(UF © a1 ATg a7 H1 00 F7 %o
FHIOT T 4T A1, At sfa<iet stfea 21 (Fig 6) FaT Hior
F1 ToET e FEEO gIRT & 9ITET 9Tl & " | A &t
qhel &

|
tan@ =-<
IR
Herat IC:E/xCaﬂTIR:E/R%wm‘fa?rwﬁ?ﬁmﬁwﬁ
TG & FHAT HIT O FT 70T & orFr gt o=y Fieon &Y It
Y ST el &

ELN165526

T qHTY RC afRay & &g awT Y Jrfud dieedr &1
WW#WWRLWwﬁWHﬁWWﬁWW
F gy o oft st ey Sl aw

=g .1

APP  LINE

.1 .Cos#o
LINE

APPARENT

P =E

TRUE APP

STEt cos 0 Wit quE 2|

"RT a3 w9 (Current wave-forms) :  gf% TF #HIR
RC Ry & 9T 9 e f3rr gt & sisfordiar I &Y
AT § IHT Al TR AR IRT & GEE ST 8| IS qW
gfaeer & St 4ot RC 9o & dieedr wia & o &far @
ST % IR TN FXA & IA% TAT farg I¥ ITh ATEToreh
AT HT T0T ST &1 30 9= AT AT FIaT TAET T
T FT =T ST @ | 7 efifa 9T a5 €9 & 3@ A1 g9har
g (Fig 7) T T T & faar & oy & fordr & a@r = 21

Fig 7

0

E
RMS VALUE APP
OF 1 1.1A
Line (1A Ty e
RMS VALUE 7 \
OF 1R (1A) / Ir \
RMS VALUE
OF 1¢ (0.5A)
70° 3

90° 60°

EVERY POINT ON THE LINE CURRENT WAVEFORM ( 1 |nEIS THE
ALGEBRAIC SUM OF THE INSTANTANEOUS VALUES OF THE 1
AND 1 WAVEFORMS. THE RMS VALUE OF THE LINE CURRENT
WAVEFORM IS THUS SHOWN TO BE EQUAL TO THE VECTOR SUM
OF THE I3 AND I cWAVEFORMS

ELN165527

gfasmen (Impedance) : @AY RC 99 #t sfaarser gmer
JaTE | Sfa<iy wmErst & gfaey Y eriRd wmarst &
gt gfaarar ger Saw T @ gfady gar & Juy
RL gfRoer &t sfaarer &t wifa gaet T S g & g
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F ST AT & AT AT AT F FoA TfALrg B AT HEA
H wanT fahar Srar 2|

Afee stET & oma # 71 & % "wre RL a9y # g afeont
& @ TE STST ST qhdT & AR TAT HT AT FHLAT F0A |
gaferd TF AT RC aRayr &t sfaarer & woEr & o
qHr 2,

RX
z= &

JRZ + X
set L |R2 +Xc2 sfercter s smfRefi sferema @1 afder i 2

I ferfaat & sret amaent s aieear afwyr arga o sta
& gfaeTar # dae o9 % fFFe g st e S gear §

7= Eapp

ILINE

RC 9wy = gfaarear s wmar & gfaeyr seEr anfRd=
gfaend & a9 &9 il 2|

X X R & mafers a9 & s etar & & aRkayr ang g
ober ST TR s ST ¥ ot dad w9 S & a8
AferE smaET oY vaTRd @ adt & sf} a@r fAulas
T 2

wwaﬁxcmWRﬁm%a‘rsﬁﬁwwaﬁw
# el wrat 7 afdw g Rl o are g & g
sfts et g & &l

ad farfia R& X & &% & 9 nm| 919 X 31¥9ar R &7
mgﬁa&w&wwmwﬁaﬁf%a’rw&w
TATAT 0 T ST S 197 T gt & g1 § & a<i ot
sfere fde 2|

RC @HT¥ uay - wawan fafyr (RC Parallel circuit - Admittance method)

wawar (Admittance) : Sfaxra R T us arfeta sfaemdr
Xcgﬁww&waﬁﬁ”ﬂmmaﬂﬁ%%ﬁwwﬁ
IA,IC s | (Fig 1) % %ete for weetqy aom &ra yawarar s
& T #Xa = 1 (Fig 2)

Fig 1

—_—————————
. |

PHASOR DIAGRAM

EL113421

Fig 2

[0]
EL113422

ADMITTANCE TRIANGLE

F et & For s e & g gt @

af3 & aleedr V, %rmlaﬁ'{waﬁwqmm%a’maﬁ?xcam

7= S TR ST aear 2|
Vv

y=—
|

ATTfeHAT B = Y sin ¢

FrerkaT G =Y cos ¢

1 1
R=—and Xc=—.
G Be

R &Y X &7 @9mx @& (Fig 3)
C

FT GRT | = VY

a7 By & & e wra et 2|
GIERECIN
SO & 1~ = 1 sin 0

Fa oR’T 1=4I°A +1°C

I =1cos ¢

Fig 3

EL113423

R.C. PARALLEL CIRCUIT

F@@ g (Graphic solution)

1 V3T gfewr & wifa
2 IRV%HTaTa»—vrrﬁ
3 ICQOOQaﬁH%l
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4 | aRufaa & wifa (Fig 4)

5 2
5 oV e | % & i:\/(i) {LJ
z R Xc
Fig 4
1 ‘ Yy =+G? +B%c (Refer Fig 4)
A HT T RC qfwt &t goen
=0 Soft RC afRuy FHT=Y RC qiRay
T af¥ay & T® & 9¥ YT GH gfaceft e arfidg smaret § e
R #itT C & wrd e & ot =\lk- *lc”
I = Eapp o = Eapp
R Xc
C &1 gmeT R &Y &< & 0° ofmy
Fieear R ¥ C & fa<l 9¥ ateedr 9 &1 afesr g TET & A 9¥ q9I ateedT g
T AT FieedT & a<a} Freadr & 9ifd .. R ¥ C I¢ aieear &er &

2 2
Eapp =VEr *Ec

Ca# i ¥ aicedT R & ¥ & ateear
g 90° fis

ER=Ec =Eapp

sferareT wferter v eriRete sfeama &1 afer i TUET I THFX S GHIAL T § AT FAA
L RX
- 52 2 S
Z=R*+X¢ 7% % @fder v w6 giar 2| /R2+XCZ
FAT T O 7% aR9T g SR AT dteedr & T ATEA TR AR AT qheedT & a0 & H0 §
& = F H0 2|
tanG:E—C:x—C tanezlizi
Ex R lk  Xc
R R
CosB=— CosB=—
Z Z
oifth T ERT Waw o AWt ot @ wrfee qur fotr #ar €| oo § = ot awafas wfitw 81 afe
T AU AT @ &7 ATHRY oTfeR FT B AT WRT ardtad o © |
Poo= E,opl Pove = Eppl COs®  PF.=Cos 6
smgfe gfe xcwm%mwﬁw xcwm%wﬁa‘ﬁwﬁ‘{%mué’rw
F THE g BTt & FeT HT FH ST & AT T | gl o1 H0 |/ gha srdAia gy i
qftoer srfers wfareft @ e 1
wfaere FAT HIO H FAT T gy Afers afawre FAT HIO H gl T G=T i g
gl g
oA gfe g9 | Far Fwror & FH sraia emer s wfaeet FAT FIT § gl srafa o srfer el
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R,L stk C garae  wfRwy- afew &= (R, L and C Parallel circuit - Vector diagram)

RX 3ﬁTX &1 gAY =+ (Parallel connection of R,
X, andX) X aﬁ-{x mﬁﬁaaﬂﬁ%mﬂm Sﬁ'-(l [ERIL]
ﬁ%zﬁ'{aﬁ'ﬁwﬁ@ﬁ%aﬁﬁwaﬂﬁ%l(ﬂgn

Fig 1

EL113511

R, L & C PARALLEL CIRCUIT

=1 -1 el -1, I 39 919 9¥ fefw @ &
TR r¥ET I 9T Joo 2|

e g (Graphic solution) : st | > 1,
1 VIWT AW & &9 |

I, V& @ Fer &

. 90° & srmreit

|, 90° & qerreft

=1 -1, &&=

| oo & &7 &

o (et SxfvE, | gw=ert) (Fig 2)

o o~ W N

Fig 2

Iy=1.-1¢

le

i

ELN165542

fotw st (Particular case) : X SﬁTX GEIEECE IR
| T gaY Ht AR #ed & Z = RWWW@W
gl

IEH § g T g7 & AFAF B gl 2 |
FYATE ATGFRT & TUET Aoft qIER & wifa st 2

ISTER: | Z o1 urE % o & (Fig 3) % e aRkay
T TOET FY |

Fig 3
1, XL=1E70Q
e Y
R=1000 Q
1 lR
]
Xc=637Q
lc [|
[
10V~ %
fear @
Vv, =10V
R =1000 Q
X, =1570 Q
X, =637 Q
ST & 3 &7 e
2 2
| =4/~ -1 |
- Ve =10 +g
&
10V
IC =—=0.0157 A =15.7mA
637 Q
10V
IL = =0.0064 A=6.4 mA
1570 Q
10V
IR = =0.01 =10 mA
1000 Q

I =4/(0.0157 — 0.0064)2 +(0.01)°
= 0.0137A = 13.7 mA
10V

=—=730Q
0.0137 A
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zafawa (Electrical)
gawnm (Electrician) - AC afdes

v 1.6.56 & =t R

ey sgate aay (Parallel resonance circuits)

S 1 3 IS F o A oA fafafaa ww we avw e

* FYATE 9% R-L-C AHiER aRaat ®it SAtason 3t g
o THIAY LC aRoat § wreg v AieTE A Wi

o THIAY LC aRoai # wogre fram &Y s

+ gAY LC aRaut & $3 sgmam &t g

+ FAFATE ¥ IHA IAX AR A= S0l iR wwime LC afRat & qon & e

T 3qATe (Parallel resonance)

Fig 1, % a9 & U 9% ¥ uF @l awidae § 2 €, @
AT LC 7fRae sraar awiax srgare akus Fad & | iy
R for@ fag Yarstt & famman m & Fueedt & stiafks DC wfa<te
F A FAT & | R T 7 I IfAe & g1 | a1 &7
g % 58 T AT S @ 2|

Fig 1a, & s &t & f&F L 3w C % =t ¥ atcear a7+ € ¥
feder ateear vV, & avrEx 2|

Fig 1
@) (b)
DSD
A Ic
[~ 90°
N\
Q) | =
v
e :
Vi z
>
L-C PARALLEL CIRCUIT o

afyr A, o faais & femmgar

=1+
IXF § AT || (R A0 AH), V& 90° qared & | &efRay
# T |, dieedt V& 90° st 2| gafory %o Fig 1b %
HTAR 3T URIG TF gAY & FAT aTeY T & | (o= JRATr %
AT 3 T G FT ATATAT TUF ST A1 & & frgere et
2l

At X, < X, at I > 1, % afewer e gt 2|

afg X < X, atl > 1, oo S gtar 2|

afe X, = X, @l =1, g@fog afeaer g sfaerdt gtar 2|
qfwer # g €T T o1 awiaY LC &1 orwa Yfaarar & 21 39
fafer & et o fawiw smaferf % forg X = X, gfar & &wiax LC

qfRwe FHIAT AFATET FEATAT © |
268

HROT § FATE I THAY Agars 7Ray & o,

X, =X
Z =
p

IL

FHIAY SgaTg 9w § ogare ) 9@ L (v fed) S s
5@ C 819 Ied & Sfaardr @ enfr | @aeTRs TRt |
S & {hadT B FH S I IAH F© T ST | 39 FR0
FYATE T AT GRTAT | L T A T BT 9T | 71 F©
A BN |

I T g | AR qteedr & % § snit | Ses afor &
gfdaTeaT T=T S\ 78T I FAATAF ST |

AR # SgaE W A AGAET GRIT & dW ger
SIREEIC

— TRUY ¥RT AT AT dieed FT FeAw T W0

— ot qw gfaarar

— SAAH AR TRT

Fig 2 @ sgfa & a9 § a6 igare 7w # Sfaarar aRkady
wefdia fm o 21

In Fig 2  awT=¥ o118 9fae § fAaer e smgfa &t sgare

Al f & g & S € at 7R i gfaarar #9 et € A
X SfaeTer Z e & 9 gt |

Zo = ——
P CR



Fig 2

v

) fr

FREQUENCY VERSES IMPEDENCE OF A PARALLEL RESONANT CIRCUIT

ELN165612

FATE 9 AT TRAT IR AT St € Afb || A | F
TR ATET T & TG AU SN € TACIY T I AGAT
qfwe & oY EdE T o FEd 2

AT AFATE | 7 @4 & At fFawor % ford 59 s
& T F geW TS 39 |
AT AFATE TRt A qvg =werg (Bandwidth of parallel

resonant circuits)

ST o Svit srgaTe # A o gar @ & a9 sgaw oot
# SrgATE A f AT AT AR Rl © IAH f[Aa=T T qHA
FT IO ST & | rgare aRuet # g9 fFaw o & e due
= (BW) & = faram st 2|

Hoft srgare aRwet & o oot &t sigae smfa (f) ™
SORAT T ATET AT F T_T H AT ARAFHAH ST & T FATTAT
srgaTe wiwer & sfoarer Ft St stferkaw et € =5 G Sar
gl

AT AFATE TRIT # IU AISTE H ATATE AG(A & FHT AT
farrget ey 51 o srfefarerr Z, o1 w1 S1gee 9% A sAfedew
A FT 0.707 AT 17,/ BATE & ek fhar St & <t f
Fig 3 & femmar = 21

Fig 3 & &HTY gaTe TR9Y 9%

Fig 3 20 A

L
Zp=——
P~ ¢R

0707 Zp

v

ELN165613

BANDWIDTH OF PARALLEL RESONANCE CIRCUIT

fvg e BW = Af=f,— 1,

ot f Fig 3 w2 @ f& Z %1 A1 gueedt & afadg R (Z,
= L/CR)"R {1+ %1 2. af¢ RFT 417 0 & AT Z %1 71 aAferk
A g7 fenwa gar € |

4% due e, Z ¥ (e FRdt € v Z) R Y e wwen
2 gaferd Fe1 o7 aFar & B At aRay # dve T grea
F Tty qfaery 9% R STt €| 59 TE R Fosd T i,
s aRaT F Q Fvl F3aT 2| T TER FeA F1Q T
qfoe #t 9U8 HiSTE & v Far € A% 5 § 9 star ©

f
vz TEEBW) = (f, - f) = é

AR FIATE gy N wuewrw BRI (Storage action of
parallel resonance circuit)

HATAE IATE TF T FAT TR &R FATH (AT ) et
& e off | T | o2t Suferm el | e | e | Lefie C & fffa
a qTer # AT 9Ty Hute AT 9E & d " § 0 FAv
TU A AT § TAF F AEA AT 8 AT WOSTRA Bl &
AR 97 Rl etar @ a8 st weeTlRa 3=t &t 3 &ar 21

LC afRaer & 313 & ¢TRT HugTRd 31 &t L C. & &= ot fie
T FLAT Bl & | AT IeF § wfady 7€ & A g9l g™
IRd & A T AT AT AT ARIA A FAREIT F gt wi
T T & forg sifafRea area St smavers 72t enft | @
FARTRF TR § g

LC ATeet 7€t ITd ST SHford I SATRA IAT & FS ATAT H
B FUA & FfAWry T FHRA & FL AT & | 89 gE a9
It % e @ta et (V)Ft afRaer arey 1% =9 § FTar T |

9 T H gAferd wia®we «=T (make-up current) F&d &
HHIAY STYATE TR & §0 AT {5haT & FHTE0r €1 S0t 3
afRae (tank circuit) & ATH & T & STt JTer: AT Agaret
qfRwut % ®1T S T &

AT AFATE TRTAT F =t (Application of parallel

resonant circuits)

HATAY SgaTg TRt st & afRwet & g a9 3= mgfa
qfoet § segeh e strar @ Fig 4 3 wifa % afwert &1 o
C =vft & yagH § Tags Al & W qUSF AfS B "
faram strar 21
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Fig 4 Vee

ELN165614

TANK CIRCUIT

O (AT AT FATAL AATE TRIT 9 ITH AGAE A { F FI AR A= amgfay #t goaers e g daa 7 affa
gl

syoft afay TR IR
o
T i T
1 1
ﬂﬂﬁlaﬂﬁﬁfr — _
2nVLC 2n\LC
st X, =X, X, =X
wfcrarer &Aq9 (Z = R) gféraw (Z = LICR)
TR srferspaw FATH
XL XL
TOTAT TR ry ?
X X
v derE _L _L
R R
HIATE AFia |/ IR
srferera X > X, X > X,
gfearer gfg it ¢ Tedr ©
FATAL LT AT aleedT T AT aleedT 1 STIITHT
F ITERI gTRAT
gfaema & Te SEEIR] Enraiel
AT AT & At
e X.> X, X, > X,
FIGELEN gfe gt & Tadr &
FATAL HTRT AT qleadT TT AT A qleadT 1 TTERTHT
FT AT
gfaema & Te Bnraiel SECaEt
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zafwwa (Electrical)
gawnmEa (Electrician) - AC afdes

v 1.6.57 & gt R

AC REta &t wotrelt ® wivw, ST ud qrar e - R (Power, energy and power factor

in AC single phase system - Problems)

I 1 3 B & o # oA fafafad ww wew avw e
o e ¥ oy # grEw 3T qrEaY FRY ¥ HeT @9y  qrr

o FARE THUTH TATHY A HFeT HITT T TIANT FT qUATH QT
o AC gféhe & qra¥ %Y U qrEaY & Jidd THET &t & HIAT)

DC afde ® 9@ &t 0T e g it @8rar & # A1 Gl
g

— P = E x| watts
— P = E¥R watts.

afe AC afdhe # y[& Tfag ST € al ITgad g & qeradr
T qTaY T AT T ST ThRAT & | e @ fF AC affe # Ruwdw
IufRra gtar 21

AC Ttz & qra¥ (Power in AC circuit) AC afée & fiw
TFE & IEY &l 8-

—  grEdafas 9l
— yfaurta e
— 3oy wrfte

qrafa® Wik (Active power (True power)): AC @fde &
qra¥ & T DC afdfe & faT gidt @1 ufdea amaw Vx| cos
& g1 1 faT STaT € et cos UmaY %aex € (cosine #E
TF qies & 1 #1 phase angle) st 7€ gfed #=ar & f& a@te
9@ NiAg® T8l § A 7 & Fie T aleest 3% ¢ | FE H
fird ae fRw@T St Fiest & @1 Imphase T&dT €, 9EY 39w
FOTT | 5 aresfiex &t gem@ar & AT ST gt 2|

sioeiar e (Reactive power (P)) : sferenfa orfes & @
(aTeerE TTER)
P =V xIx Sin®

FE HT T8 WAT ST FieesT & 90° ATIT ATH %ol Y&l &, IAT e
FT ABT TANT BT € | FIX, §8qeT AC FeAt HUTEF oL AT
0 ST & 99 FA & | 37 THR Y LAEiaRd aeaw Ruffe
qre¥ FEardr &, 9 V/A Reactive a1 Vars & #T9T ST@T € |
True 9T & a¥e Reactive power & ITaRfY &1 7 fawar
ST AT &

ST WiRE (Apparent power) : SITHTH o1t P, = Vx|

TUTHY o & TrorT SEY aXE & &Y S Gt & - o g
d YT 1 AT GieeHiey U9 AHIe $F gerEdr & far strar
gl

I |TURO TRIT F FoA dleesl A FLE & TOHAwA Btal & |
et gE Fiee-TmfiEe (VA) =1

witve B (Power Triangle) : &fde & & &9 g & AC
afRafia wedt &

— grafas® o1fte are 7 (P)
— STl 97f vars # (P)
— Tt wife VA (P)

I T F I F G T I I F G AHATIT ST Hhel T
g1 (Fig 1)

Fig1
TRUE POWER WATTS
(P)

(2]

REACTIVE
POWER VARS
APPARENT )

POWER VA

(Pa)

POWER TRIANGLE

ELN165711

R

P.2= P2+ P? diw Tffre (VA)

STl ‘P, ST @itk atee UfEEE 7 (VA)
‘P arfas wifte are & (W)
P, =Tl i (VAR) #

ura¥ &Y (Power Factor)

AC affe # arafas wfad o srrdt oifte & /g & amEw
Tae¥ el oaT €| afe gw ey wfdw By (Fig 2) &t daa

Fig 2

N

) POWER TRIANGLE FOR A SERIES b) POWER TRIBNGLE FOR A SERIES
OR PARALLEL RL CIRCUIT. OR PARALLEL RC CIRCUIT.

ELN165712

POWER TRIANGLES SHOWING THAT E=COS 6
a
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&, dt &¥ arafasd 9fth Y SITHTHY 976 FT g 9T &
& 59 cosine & 0. &7 & T & |

P
qra¥ %e =—=Cos 0
P

a

3 FHIHTIT H GHHIOT IMFeh (9T 1 TSTIAT & A1 THI % AT
& e e FUAT ST AT &, A qra¥ e awafas wite
TF AT 9f FT A BT 2 | Sefded de § uraw Faew
P.F & 719 «fivT e #9fadta e Power factor & &fife gar
g1 (Fig 2)

foreft wfdhe & ¢ TREY T FA & oY qrET ST F AW
19X 3% Fear & {3 aeg fea & fhaet 7= | #ie yarea
giar = | faeft |fde # afe Power factor e & at 3& gf+er
P.F. & setm s1fe #7 strawraarn srr ¢ |

TEe FAT 91 (Single phase energy)

forett &l &t HaTfed FeA | aredfas fch Ud GHA (+) FT JOEHA
FHolt FedTdr 2|
(BESIEEUSIEERIS ]

= FleesT X 9T X q1a¥ 95 X 0T

= VI Cos 0 X t (THT ATEX ®)

FT T ZHIE ATS-ATAR & a7 ZAHT JAaATIF gHhg KWH IT
gfie (@ 1% gT gfve BOT) & 3urig st 1

Fort foe et aY e weeT @
Freest
Ex
TR %Y (1E)
T

TS AT AT (1 TAST - 1 TSI e & Teraar & ATy 1 Jed
| o 4 =fiem gia & - g9l 2 ud outgoing - 02 =fiwed
(T I €A 8))

FFeE Fig 3 fe@mar mar |

Fig 3

=z

|
| ENERGY
| METER
I

|
siTERMWALS

44
¢ LOAD

ELN165713

SINGLE PHASE ENERGY METER CONNECTION

RL 3 C fi¥isatet AC |ffe & araw (Power in AC circuit having R L and C in series)

s& f& ew qf & s @ % wfw B (power tringle) #
3 3999 g € 59 Fig 1 ® famr mar & |

Fig1
APPARENT POWER REACTIVE POWER
P=VI VOLT-AMPS P=VISIN® VOLT-AMPS

REACTIVE
TRUE POWER
P=VI COS®O WATTS

POWER TRIANGLE

SIRI FHAT AC frer % afdhe # I faar St 8 | 7<g
Fufafea R qur defFea fRuwda a1 aw affe & Ffafe
a1 Sefaea g o AR Fxar @ | o9 Fafafes Ruwda w1 am
gefdea Rurda a1fas gtar & ar araw e AifdT g | s
THT JoeT BN |

afg fawfr AC |fthe #1 wfater 100 stiar Sesw (L) %1 719 0.2
H =¥ #aferds &1 w1 120 yF q91 3 200V 50 C/S & 2 21
e §NEH, e, TEY Haed qT qra¥ &1 AuET Hifrg |

ELN165723

Fafafes Ruxda = 1/ 27tfc ohms.

~ 1x10°
2xm7x50x120

gefaea Ruxda
X = 2nfl.
XL =2 xmtx50x0.2=62.83 ohms.

Xc = 26.53 ohms

#q:, X — X, = 62.83 — 26.53 = 36.30 ohms.

et =[R2 + (X, - %)’

— /1002 + (62.83 - 26.53)°

— /1002 + (36.3)? =106.40hms

Voltage 200
= =1.88A

= Impedence © 106.4
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R
qMEY T = — = Tood 0.94 (lagging)

ST X W X & wAfew @ afbe & AR ame S ehw |

A afte =Vicoso

=200 x 1.88x0.94 =353.4W.

JgreT 1

af3 10 &7 wfa<rer 0.1 H &7 geoed a1 100pF &7 H3av faweft
AC §i¥w dfhe & 9§ & | @TE & 220 V 50 ¢/s & at e
A qTaX Ft A0ET HT |

gl

R =10 ohms
L=01H

C =100 pF
X, =1/ 2xnfC

108

 2x3.14x50x100

Xc

= 31.85 ohms.
X_=2mFL
=2x3.14x50x0.1
= 31.4 ohms.
X=X.-X =3185-314
= 0.45 ohms.

Z =1/10% +(0.45)% =10 ohms (eFT+T)
1 =220/10=22A
PF = cos 6 = R/Z =10/10 = 1.Unity PF &3Ts 1

ITTER 2
afkqar Fig 2 # f3ar mar &

Fig 2

240V,50H,
ELN165724

b Ew (2)

C &<

d R,L3Y C # Rl 9¥ aieewt g1

e oY SEATH a1

f T U T ATE Sl & A7 & AT T ateasT
g AT AT

g ofeh oris

h orfes Joris Hior

|

a gsfFeg Ruwdg
X = 2nfl =2 x 3.14 x 50 x 0.3 = 94.2 ohms
X, = 1/2nfC

1 10°

27 x50x50x10 15714

= 63.69 ohms

Fao RuFdd = X - X_ = 94.2 - 63.69 = 30.51 ohms.
gffe & forg sefiem 2

b 7= [R?+(X_-Xc)? =402 +(30.51)2

=/1600 +930.86 = +/2530.86 =50.30 ohms
¢ RLC @ afhe & ae
Suft @fhe & F¥e | = E/ Z = 240/50.3= 4.77 amps.

d R,LaCH T o ateest g (Fig 3)

Fig3

l;J
©

E R =190.8V

50Hz

ELN165725

E. = IR =4.77 X 40 = 190.8 volts
E, = IX_= 4.77 X 94.2 ohms = 449.33 volts
E. = IX. = 4.77 X 63.69 = 303.80 volts.

IordH & fAey 9% 190.8 AieasT ¥ g+ MY Fufae< & o<t
% &9 & 145.53 aiwew g0 & sfax (E, — E) FT &few 7w
ATET aleest 240 v & S¥T&EY B80T |

E=yEx? +(E, ~E¢)? =1190.8° +(449.33 - 303.80)°

Id: E = 240 volts.

TAfRFA : TARIET (NSQF @R 5) - 3™ 1.6.57 & "t Rrgia 273



e AR 9RY Fig 4 7 fY@mr mr g |

Fig4

E | =449.3V

EE ¢ =14553

DsD

q =370,3' T-a77a

E g=190.8V

E c=303.8V

VECTOR DIAGRAM

ELN165726

f  IOET f3RAT TET AieesT AT AT TET dteesT a¥ET & 240V
g dmEY %< Cos 0 = ER/ E =190.8/240 = 0.798.
h 9mER e & 3703, (FisaT AT &)

ST (Application)

I TFR F R-L-C Hifiw affhe &1 I seagifas egfa
afRwer S Ifea/dr . & = woft R ar 9 v wA &
fora f3am strar @1 uw afkadt seaw @ 4 Feex e strar
& fomsT T X = X & ¥ =9rEt T 2em/Eae A A
T ¥ €, 59 feafa & affe d stftrraw grer yarfed et 21

Z= JR? +(x_ - Xc)?
\‘rqu’XL:XC
Z=R
gT | = V/ R STt 3tfeeay & |
zq ferfa & affie =t WiHe a1 smar 21
i & ferfa & sefa
. 1
R Zn\/E
as X =X
L C
2nfRL:1/21t/RC

A

1
f =

R Zn\/r

@]

AC T®ia¥ qfay (afde) & gwamd (AC Parallel circuit
problem)

FaETRE § @t st g e dgfas aRey amEe §
gafora 3y ST € foras aieest &1 719 99 ©7 & Jarted aidr
g | ariax 9wy & gt ararstt # dieest # AT s diees
& qXEY EMdT & 30 TTHE & mErsti IRy § yared e arer
ST T AT T Fol FYE F LAY ST SEAIF Al & |
TE A € FIfF q19 A § gared i arell HLe aleasT &
out of phase &iaT & ST % & @7 a¥ iR #xar @ & e
Yfrfeea, defaea (Vlead |) ar Fafafea (1 lead V) @te & J=1
gl

I THX T FLE HT AT ATEEN § JaTied i arell grrsit
& T T AT T & ure v srar | (vefids fafer av e
fafer @)

AC THia? af¥ay it g« w34 # afew fafr (Vector method

of solving AC parallel circuit)
AC @iy affe & d9ed TEAW aaW =g A fAest &t
ATITIHAT BT 8-

i TR & @it srETett & dieest AT & afasT 3@ (X axis)
T T AT 2|

i 9= wfaeret aRey § Fie # @ (X axis) 7¥ d&faq afewr
& T AT AT &

ii 3y SefFea affe & #e Ft dices aFeT & 90° T 9X (Y
axis) AT AT 2 |

iv 3= Fafafe affe # Fie aies & 90° ofie #t & o
Y axis 9¥ 9T S 2|

V T HE AT FIA % [oQ Alawr wera/sis @t & s
ST 21

IeTET 1
IF Ty aHiaT afhe &

Fig 1 # fammg g afRay ax famm #X foaw awiax ofkey &
A orrETett § g gfawty g9 gu |-

T
Q
-

FUSE 1
— @ T .

30A N 1 13
Ry Ro Rs
60 Q 300 200

PARALLEL CIRCUIT WITH PURE
RESISTANCE IN BRANCHES

o

fromenmee

Z O—-a——— 240V50Hz —==Q

ELN165731
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Fig 1 & gurg aftwyr & fog feifea e a<- 240

=—— =10 ohms.
i S aret g form wan e (1,1, & 1). 24
i T STevet v AT A T At | v @feer o & sgEr 3 ™ aies @Y #e § dig aEw
’ T FT A T |
TSI ET N T
qra¥ heFaY H0T =0
iv Fa afaag o
' ’ . qiaY thee¥ = COs g
\ WWW(PFAHQIE)EWW(PF) :COSO:]-WT
Vi @EiaY 9w g o 7 Fo wive (Power) vi affe & o srETh pe-TmEe
g I[?R, =VI cos @ =24*x10
y =240 x 24 =5760 watts.
ST T I1=R— @@ Fe [ aRS % o T 2)
1
ISTETT 2

240
=——=4amps
60

95 TfaRiey & ofa: dieest & gkt 2 |

V
oA "R |y = ——
R,

240
=——=8amps
30

g5 WAy & o dteest & 39 6 © |

\%
T T g = —
R3

240
=——=12amps
20

g5 wfaereY & o dteest # 37 %1 ¢ |
i 39 FUR g MU fREEEEr Gt swe |
i 9= 1cm = 2 amps. (Fig 2)

Fig 2

11 =4A 1, -8A 13 =12A

‘ V=240V

‘ 2.cm ‘ 4. cm ‘ 6 cm
U 1

SCALE 1 cm=2 A
VECTOR DIAGRAM

ELN165732

i FFE | @A TR, LTI, F AT A aE € Taqth
FTHFR D A HAC |
L =L+ +
=4+8+ 12 =24 amps.
iv &« arrETett # g gfadty @te € o g Sfawg R FA
Ffdw Z & ayaw gnm |
\%

The total resistance R, =Z=—

I
T

HAIET 999 R ©d X, st 7 (Parallel circuit with R
and X _in branches)

dF TF 07 AT TR 0¥ A= w- Rasd uw amar 7 e
wfater T gay¥ e | yE isHed 97 &t |

Fig 3 & oty afkwyr & forg feifaa sma #|

Fig 3
FUSE 1
5 :-\'\c //:\ T %
= NG
} 5A 14 15
|
o |
0 \
= |
o
N \ Ry L
J } 60 0 0.0955 Hz
|
:-\l\c é
8
N AC CIRCUIT R AND L IN PARALLEL z
i)
| AMET YTY
i afew smE sa T
il T T

iV 9TeY e WIS T UTaY ¥
v o gefiew (Sfaarem)
vi 9oy it wte

L v
i A A = —
Rl

240
=——=4amps

o SRR & o avR b e ¥ |

s FE I, Tt A & forg wedt defred Ruwda X #v
A A FAT €
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L

22
X =2nFL =2 x — x50 x 0.0955
7

= 30 ohms.
. . \% 240
o qf Fe [ = — =——=8 amps.
XL 30

37 $sfaed € o a8 % T Fiesr & 90° T AT ¥ |

i fremTgET afdw e &@" c dwET 1ecm = 2 amps.
(Fig 4)

)
Q
o

——1 T
" N

ORONO

Ry c Ry
600 7956 —  4a0q
MFD

[N

FUSE
N A
\
\
\
\
\
\
\
\
\
|

Z O—=—— 240V50Hz —=0O

Fig 4 4 AMPS
0

V=240V

8 AMPS

T
|
|
|
|
|
|
|
|
4CM |
|
|
|
|
|

,,,,,,, 1_|_
VECTOR DIAGRAM - R AND L IN PARALLEL

ELN165734

FA GRT LA AW A A & fou aHiaT Sgest q)T
|

FIUT g FT A A QL # ofarg A |
iii T AT FOT 63° 26" T |
TiaY %Y = Cos 63° 26’
= 0.447 AR
iv 0L # @& = 4.47 cm.
aq: [ =4.47 x 2 = 8.94 amps.
qfRuer &7 HYh §hed = Z.
v afRed g A S ATt ataw
P =VIcos g =1°R
=240 x 8.94 x 0.447 = 42 x 60
= 959 watts &9 960 watts.
IJTETI 3
R SR X, & 6y #HiaT aRay
9T TF G Afhe ¥ R w1 e 3 gt 7 gE
wfery @ e o | 9@ Fafed 97 8|
Fig 5 # oty aRkww % fog fifaa sma &<
i = we
i F FE W AT TRE
iii et e (1)
iV 9TEaY %eaeT Ui

a\‘\c §
AC CIRCUIT - R, LAND C IN PARALLEL %
v oI T
vi ey & afe
g
L . vV 240
i smEe [ =——=-——=4amps
RI 60

o SRR & o At b e ¥ |

I FLE |, T TOAT FA F forg Tt ed HafafeT Rowrda
X T | ST FY |

1 1

X = - = 40Q
2nFC 5% 3.142x50x79.56 x10™°
. V240
ad: q #E [[=——=——=6 amps
X_ 40

IF FAM(ET & @ Fie I T areest & 90° AE F4

. 240
q= #E [[= —=—"—=2amps
120
i 9ue & arfew e I |

P HXE | HT A ST HA % ol FHIAT T T IR
(Fig 6)

Fig6
1, Iy
6.om SCALE1cm=1A
6 AMPS
]
4 cm 2com

V=240V
O sAMPS I, 2AMPS g 8
£
w
©w
VECTOR DIAGRAM - R, L AND C IN PARALLEL z
w

ii Ol # @&rg = 8.5cm.
F FC | =85x1=8.5amps.
iV FA T AT qAlRS & dr HOr 7Y
HTIT AT HIT O = 45° leading.

v 9faY %ee¥ cos @ = cos 45° = 0.707.
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vi aRT™ F g7 forar T 9Ee
P =VIcos 0 = (I,°R, + I?R,) = 240 x 85 x 0.707
= (42 X 60 + 22 x 120)
1442 T 1440 watts.
JTER 4

R, X @& X_ & @9 @\ 99w (Parallel circuit with
R, X and X))

¥ UF #HIAT IRIY W A &Y, e uF amEr ) gE
Sfoety, Y M@l W & ISHed U dEY Il WOgE
FAffda Fig 7 # 91T AR I3 © |

Z O~——— 240V 50Hz— =0 é"!
\'

ELN165737

Fig 7 ® gurit afRuy & fog A s Y|
i oEr gy
i e SN
i T e 1
iV TTEY ST EI0T
vV UTEY ey
vi aRay & g forn @ 9w
vii TRy it T
g
i F #e
v_20

I =— :SWWV%WW
! R 30

\Y 240
I :X—=Z:10WW'V'QQOOQ"TWET
L

V240

I,= — =——=5ufemd dtes V' & 90° T FT =T
X 48
c

Zl

i AT freiRa #3a gu arfeer s a=
et 1 cm = 1 ampere

FA FE | I FLA 2q (Fig 8) F AR FA(AT TG HT
fetor € |

Fi
98 I,-5AMPS

5cm

o) \ T, -8AvPs v-240v

o-32
(1,73 A }

e I, -g4cm-94AMPS
__I _
3 5cm 10cm ©
-5 AMPS sc g
ALE1cm=1A
I,-10AvPs :
o

i OL. % @17 = 9.4 cm.
FA HC
[[=9.4x1=9.4amps.
iV FoT FXeE T qleesT & TET HIT HT AT
ATdY T For = 320 ARG
v 9fa¥ %Y cos O = cos 32° = 0.85.
vi ooy & g formm amEw
VIcos 6 =1°R
=240x9.4x0.85=82x30
= 1918 oI 1920 watts.
vii Fo §fie® Z

V 240
Z =—=——=25.50hms
IT 9.4

AC a®iae aRuy # &« w1 ¥ ughea fafyr (Admit-

tance method of solving AC parallel circuit)

AC &Wiax qfRae & FHel & quersll #f & Fed | q(Q9r a1
wsfiew fafer s &t S @t ga | 37 wwre afew fafey & =ofy
FAIAT EYH TRAT H &A FIA A TN ST |

wefida fafyr & g |ramor 1| 99 d@T uE e e 9%
STETRA ITH AS, TE, T AR BHAT & Afed aHETAT H
Tt & e T S g 2|

agiaY AC TR § za fafer &1 s=r auen &t ad #39 § 9
T ST | 8, MY -

st faferer sfoamam o& ), 7, v Z, swiae & d@afe €, a9
3T For gfqarem fmaa ar # @ |
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— 1)
=g R
Zy Zp I3
1 1 1
e, +— (&|feer 7mm)
z 1 1 1
—_— 4 — n
Z, Z, I3

Y=Y, +Y,+Y, 5l %:Y

Set TrfiSH &1 Fohd USfied Fedmar & | 3aaT 31 o= &
T wdiE Y 2|

T ISH #T a¥e Usfidd & ot 999q gl &, 94 Fig 9 # fwmar
T 2

REACTANCE
k7
O,
Z
<
SUSCEPTANCE

CONDUCTANCE
ADMITTANCE TRIANGLE

RESISTANCE
IMPEDANCE TRIANGLE

ELN165739

TE /A ST dieesT & ATT 7 ol & HSFeq Faodl & ATAH
forie e wdiws G © |

T ST 39 S qAATE A F FAre=Y (90° I1F AThead qT
fomw A A% 9gEe) sAT @ a' @¥ed (susceptance)
FETAT & | IHST ATAF AHT (Siemens) X Tt ‘B’ E |

EfdE Y =Y, +Y, +Y, (afRw)

vefadd frysr & ew o € &
Y= 3[G2 L B2 e eIyl
G=YC0SO oo gIfteRor
oo R
SefY = Z 3fiising=—
Z
R
T G:Yx—R:—- R eIyl
B=YSIiNO .oooveeeeennn. gIfior
o 1 .
SBIY= —-andsinf= —
R
W:B:ixl(:—: R e ETayl
7 Z 72 R2+X2

@ g A« fafm e, Ruwda aaiae & @ € ar
S-S AT H ITah ATAHAT HT A & oA ATAHAT A1
F ST FEcdl 2 |

G=G,+G,+G,+..4G_
ZHt TR ST et RUaerl &t FHE SISt SaT € df qaer
FY @A TTETSAT FF SISO % GTT ST AT qheT & orerd o
HEETH 9T &1 | 3efaeq Rugerw & ara aqer +ve At
& grery & foram Srar €, 9 Fufafes Ruser & ara q@e
F —ve faga & wrew & fomr ST 2 |
B=b,+b,+(-b,) ...
I 1

R T X ® ®T9 @9ia¥ 9wy wwEre § (Parallel circuit
with R and XL in branches)

Fig 10 & gorig afkuy & fou faey sima &% -
Fig 10
L FUSE
S~ Ay
1 } 10A
|
w (1)
240V 50Hz }
| Ry L
J } 60Q 0.0955
| HENRY
a\l\c é
N S
i g gfgert & Srersar:
FeHH G=0,+0,

sef g, ¥ g, FWeT: orEr 1 R 2 F Fsaed ¢ |

omET 1§

. R, 60
L= -
R12 R X12 602 +02
60 1 .
=—%=—"= 0.01667 Siemens
60 60
b X 0
1572 2 -
R +X° 602407
orET 2 §

22
X, = 2nfL = 2 0—0050000.0955 = 30 ohms

7
g R, 0 0
2 = = =
RZZ N X22 02 4302
X 30 1 .
b, = =—=0.033Siemens

RZ+x? 0°+30° 30
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wefidd v _ /g2 4 B2
Set G =g, +g,=0.01667 + 0 = 0.01667 f&#a
T B=b, +b,=0+0.0333 = 0.0333 &=

ey —0.016672 +0.03332 = 0.0372
=0.0372 fowg

. \4
= #wE |y =—
1

vV 240
— = — = AU dies & A 3 @ |
R 60
S
E L B TR Y Z,
vV 240
— =——=_8amps
X, 3
FATE dteesl & 90° T 2 |

s 2 2
TAFE= | =4I, +1,

= 8.94 uferd

\Y;
JeTadr, | = — = VY =240 x 0.0372
z

= 8.94 ufers

o G |
AT BT = — =
Yol

001667 4

= =——— =0.448 <" 0.447.
0.0372 8.94 0.448 0

oY qTav e i = 63° 26

gf¥ayr & gy o 19T 9@ = VI cos o
=240 x 8.94 x 0.447
= 959 g1

I 2

Fig 11 ® R, X T& X_aTar /ia a9y

Fig 11
L FUSE
O )

[ 10A

|

| ONONO
e |
I
2 |
n
> |
(=]
S } R XL

| 300 240 480

‘ T
o :\kc E
N z

o

At s # |

i % 9TET &7 conductive TE susceptance
i T GBTIY
i s=r W

iv PF and PF i

v P.Fud P.F &

i g fee g forr T wte
g_R1_30_1
Yz? 30?30
= 0.0333 i
R, 0
g,=—2 =—"02=0
2 ZZZ 242
Ry, 0
g = — —:0
3 232 482
T IRIT #T g0
X 0
1
Zl
X, 24 1
b= 5= 7"
z,> 24
= 0.04167 e
Xy  -48 1
by =—5=""7""3
z? -48
= - 0.02083 frdw
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i FTFSFAG =0, +0,+0,
=0.0333+0+0
=0.0333 f&He
FAaLEAB=Db, + b, + b,
=0+ 0.04167 + (- 0.02083)
= 0.02084 fase

Y= V62 +B?

= 0.333% + 0.020842

= 0.03928 free
e . Vv
i s &He | = —
1 Z
1
VvV 240
= —=—— = g ufeEd & & AT TTh & |
R 30
. . Vv
WWIZZ—
2
2
V 240
— = —— =10 uf®=d aiees & 90° T ¥ |
X 24
L
. . \Y
FTIE | = —
3 X
3
240
:E:SWW@(%"%%I

= \/82 +(10-5)% = /89
= 0.43 T
JATIAT
|, = VY = 240 X 0.03928

=9.43 Ty

I
- R

I
T

iV 9TaY heeT =

<|®

0.0333 8

 0.03929 9.43

=0.848.

v Ofa¥ waed HT = 320 afir
oY % g7 foram @ 9@ = Vicos g
=240 x9.43 x0.848

= 1919 aTEH
. \* 1

I sHEa =Z = v

— =255 ™

0.03929 -

Ffew fag & ura g« & ITH FAf & 9T g B A A FX |
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zafwwa (Electrical)
gawnmEa (Electrician) - AC afdes

v 1.6.58 & 1.6.59 & gwitaa Rraia

vtae %we¥ (Power factor)

IR 1 I B & oa # oA fafafad ww wew av e

o qTaY e qRWTRE AT &t qia¥ FRT & FILOMN FT G0 HIAT
o gRRay & o Qe Y AT I qiaY heeY & AW Ud BT # SR S ST
o fft afawr (circuit) ® atar %wew (PF) ® gur= #t fafir &1 avfq ==

 IYNM A ¥ Hae? GURA F AgAqd H AT
o AR AR T T qFaR FFRT F TEAE FAT

* ISI 7752 (part 1) 1975 & g farger Suswwwr & form fuiRe ofaw $wee & smem)

gta¥ &< (P.F.) (Power Factor (P.F))
arefas® ot T ATATHY 97f & AT T 9ra¥ hee¥ Fwd §

AT g& Cos 6 & F9rar ST 2|
_ True Power (Wr)
i.e. Power Factor = = Cos 6
Apparent Power (W,)
Cosf = T
or Cos 6 = o

STet W_ aretas oifeh (Tour power) € Sit¥ g8 Watt ® #rar st
g F¥fr-aefY frerrare (KW) & oft amar St €| g6 T dicest
AT FLE & YUAEHA ATHTH 9T FEarar & o atee-ufErr
a1 Ffi-Fft et aiee Tffae (KVA) & |1aT et 81 38 KVA
# goria €|

srfarter dgfares wofier Ud Seheor HaTs St & ST orfe 2
e & foreh for st wifew (wattful power) &t AT s STt

& 7 fRuffad qrE< F F1Ror AT 8 | Jiex i JawH & dwfes
Hieg I FH & forg KVAR d7aY Ay gtar 2|

e & TR 9fE (true power) TAT ATHTHT 76 (apparent
power) % AT F qia¥ Fae (PF) &1 SraT & | Rufaea qraw
faga worelt g% stfeare wifte (power) ® R 38% FW faga
JUITAT &1 TT/Es Afaeeh a8 AT g

e afax e &1 g SR Afehe # Rufded qaw warfed s
| Ruf¥es afax 1 a1 defaea dte # Fufhfea ars A srer
e gt 2|

Affe § qaY FeT Y IuE R @ faftwen

SrerT-31erT TRt # fafse ffoat & afax $aex #1 am
g &-

g aae ¥ (Unity power factor)

afe fft wfwer(ciruuit) # amefas ofte da st orfe ®1 A

AET & A qia ST S e g| fRrfa 7 g e &
Z-UT E1dT & 9T START %13 3 star 21 (Fig 1a)

#if¥m qrew ¥=+¥(Leading power factor)

gfe fardt affer § F3e aicest & For geifaer I & oy <=ar
& & qTaT FeFeT TSI AT ST | ATy utafes qidhe qur
Afa Fafsra frepee afax %X gTa &ar 21 (Fig 1b)

AT ataw ¥*T(Lagging power factor)

afs TRy & arafas wfts &1 ar st oive & #5970 & qar #e
FleasT Y STTET o (Lagg)®edT & a9 q1a¥ e AT dadrdr
2 [SeTaY defFed die 99 - SS9 HieT SS9 Bid o[
qTaY %X HT HO a9d € | (Fig 1c)

I IR % (Zero power factor)

S e | FIC qAT FieasT & LT T %ol {THIE BIdT € dl Tra¥
Thg¥ I ST | T g oY ST w1 A& b o7 @t & g
isfaea @ g7 Ffafes affe g ma F @ e #3d 2|
(Fig 1d)

Fig 1
1
QO———» vV

IN PHASE
(@)

LAGGING P.F.
(c) (d)
PHASE RELATIONSHIP BETWEEN V AND |

ZEROP.F.

ELN165811

qTa¥ Hhee¥ TF A1 UF & w9 gian 2 fhg uw | st i
TE T FFRar |

a9t - 1§ AT ITANT fo ST arer fregefter Iusheer i 39k
qfa¥ ate(wat) § T siad qra¥ heex 3% = 2|

Fael- 2 IAM F T R S Aol STHLN HT ATHTT GiaT
Sere fear o 2| 281



a1

fine %9 ZefRere Saeor/asn & forg fMuifa e S (@i IS 7752 (Part 1) - 1975)

®4. ERETICE] qTaR ATSTYE TaRA g
Min. (W) Max. (W) T Y
1 RIEEIEC] 500 5000 0.51t0 0.55
2 faret arT T &Y 750 2000* 0.75t0 0.85
0.68 to0 0.82
0.62 t0 0.65
3 forre 150 450 0.8
4 FTH TTETET 200 400 0.75
5 REE R 200 800 0.65
6 ST 600 1000 0.7
7 ICES 80 250 0.6
8 el % 25 120 0.5t00.6
9 farfenT &= 60 100 0.5t00.7
10 T S 150 350 0.6t00.7
1 farfe &= 80 120 0.7t00.8
12 afmr wefe 300 450 0.6t00.7
13 e 25 450 0.8
14 A AT 200 450 0.7
15 = AT 40 100 0.5
16 FATH S 40 0.9
* S HEIE HieY gfhe & AL gldr &, ar g I giar € |
a2
9 & TR SRITETET & forg araw Sy (§ IS 7752 (Part 1) - 1975)
w3 AT F THR A TET T
1 Fies =R UF e 0.7 t0 0.80
2 e 0.78 10 0.80
3 AT 0.77
4 e goe Ffidir 0.60 to 0.87
5 e AieteT 0.57t00.73
6 T wfea 0.65 t0 0.74
7 g ShfrafRar aF 0.48 t0 0.75
8 wHTGEHE 0.751t0 0.86
9 A A IT A 0.51 to 0.69
10 i = 0.65t0 0.75
u ¥S AISTH 0.63
12 att<a 0.92
13 T forem 0.61
14 CEGCIEC T 0.86
15 At e 0.51 to 0.59
16 Ior fored 0.70
17 Fied 39 0.63t0 0.68
18 BTG 0.59
19 TTEH AR AT 0.61
20 FHTereed 0.72t0 0.87
21 TiferT forem 0.72 10 0.60
22 [GEIERE 0.50 t0 0.70
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qta¥ &(PF) % ®9 (Causes of low power factor)

I o Fmwr &

i ST U AR & § SATETAY $a9 Aie JUANT o
STET € S HieX WA AFNT Fie ddr & |

i gEEr aoTe & gta¥ wae¥(PF) fAw(Low) & StraT 21

i SR A ITANT U AW ATk e wedt oY qfaw $aey
& faw T (Low) &ear =1

iv gefFed AT T gEaT Fie & HRU a9 &IF & 9
HrR oft AfT atay $fFey gra wwar 2|

A ara ST & aifaat 9 T ©

a 3 ™ amafas wfd & fog w3 &1 9 [ Jrae e
¥ FRU I ATET € | 37 FIOT & FAALCH Faold @A
AT LU ATEA AT ZEGHTE SAEL AT & Srar
gl

b = dfaT %X & FRT FTAN fag T AR alees &
A &9 & AT S |(ATEHT & ITHIO qF IgAT & I8l
aleest T &MAT & 1) T dlcest FIT AT 9iaY AT & HILT
AT dleesT HT AT FH T T 2|

C ©IA UF WA AT AT § HHT AT € |(Low dAleesT &
FHTY)

d faga #t @uq @5 et € |(fasrar oo it 9@ s €))

3= qrax %we¥(High P.F.) & fm & &

3 & @ie F forg =9 qiaY ST e & W FH FH HIAT &
Y e e et 8

a f3F wu oz & & sfaRe 9iaw warfRa (Transmit)#T
awd ¢ g7 fafke ot off @aifoa &2 a@a €|

b ®TET H Ficest FIT FH S % HILO FARO (Transmision)
FAT I AT & | AR e 1T & foAr I7r fog o
AT aleesT ST 9T &iar € |

c "I 3T mWefAl #t T &g dleest aeq (Improve)d
TAAT dF AT S |

d doe aug | q9 g9q & forg fasteft foer 7 & s 21
TR %Y gura @t fafr (Method of improving the

power factor)

ey & d9fa¥ %eex & agW =g & fafte & suanr
ST ©

i aRuy § e qieX i gk are & ary sifa safsa(Cover
Excitel) #¥ I & qia¥ ®faeeT (PF)ag ST & |

i *afieT &t e & auiae(Parallal) #=ifoa &2 & |
WA U & $9ferey faeh 1 s=nr faar sar 21

Rrepem Wfew fAfr (Synchronous condenser method)

FS I § FHwhie AeX H T HFee FARA % (o ST
T st & | sifar SAfSa(Cover Excited) e @tex ofifer
FIE AAT & AT T ATS & G (7Y T AR FLe & a7ty ot
FEAT 2

fRrshee AeT & grT AT ateex wrdiER forar strar &€ s arfa
AT AT 3@ ARRT ateest &1 faxry #ear € o & gefhea

ATE % FTT T AT T | T T&R e URaaR RufFed sraan
F FH FIA 1a¥ Faee H IIAT 8 |

SELER

TF IUNT 100 kW & &t & & st % 0.6 PF «fir afax
thefee I¢ &1 FY T & | AT 0% fimhie wieY 30 kW S ag™
& forg e o €| Rwre wiex &7 € S 0.8 PF i wx
e #¥ T & fawterfaa & ot &

i arefas wfer (true power) aTe # 0.6 @ p.f % sromeft
otk (apperent power) VAR ®

i arefasw wfte watt, § | Y THEY I Volt-VAR # T
fa=rme @iex & forg AffRr 9tav S ae i Rufea
qia¥ 0.8P.F # S1d #¢

i arefasw e # Ruffea qiay & ¥ A9 9169T § AT

wIeY % g 3 T AT % forg s ]|
i & %% (Factory Load)
e kw & =100 kw
Ale qIe| | =100 x 10° watts
e diee fERT _ True power _ 100x103
PF 0.6
=167 x 103 @i - TR
e vars ® = Jice TfAET X sin O
=Cos6=0.6
=0 =53.1°
=Sin 6 =Sin 53.10=0.8
AT vars § =167 x 10®x 0.8
= 133.6 x 103 vars @firT
Fig 2 #t ST &%
i fTR=® AT (Synchronous motor)
AteT d@ts kW & =30 kW = 30 x 10° are&
Trew dite dtee - ufEwE F = Truepplfwer _ 3%)(;03
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Fig 2

125X10 8

VARS
LAGGING

100x10°3w

ELN165812

FACTORY LOAD - VECTOR REPRESENTATION

= 37.5 x 10® volt - amperes

HleX A€ vars | = qiee TR Sin ©
Cos6 =0.8
6 =36.1°
Sin® =Sin36.1°=0.6
ATexY @t vars # =37.5x10°x 0.6
= 22.5 x 10° vars afir
Fig 3 & &it9 < |
Fig 3 3

30X10"W

50x10 3

VARS
LEADING

ELN165813

SYNCHRONOUS MOTOR - VECTOR REPRESENTATION

i fFgT @mE" (Feeder line)

f&fa (Condition) : 9ma¥ %%ex sem # fou e @iex
F e & ATy SireAT =Tfey |

quf 1S q1€ § = qATIH I(Th HAC + ATEA (A I(Th AT (hiTe
Aqrex g foram @ |

=100 x 10% + 30 x 103

= 130,x 10° d1ed

e RufFea e ateY RufFes
oiftp (Ssfaea)umax (Fafafea)

=133.6 X 10° — 22.5 X 10° V., ¥

=111.1 x 10% V, @fi

TOHT dFeY ST Fig 4 7 fREmr mr & |
Opp. side 111.1x10° 0.8546
T T = . = = 0.854
an o Adj. side 130x103
F0T o = 40.5°

Fig 4

22.5)(103{

133.6x 103

J

225x10°3

130x 103

LOAD + SYNCHRONOUS MOTOR
{(VECTOR REPRESENTATION)

ELN165814

AR AICT FT FAe HYA 1€ TEY e FT HILH
= Cos 6 = Cos 40.5° =0.7604

qTa¥ %ae? 0.6 & 0.7604 aF a1 f&whiag #eT &1 ITFT
FA |

I F T FT TEETAT G0 qiee TRET (Present

volt-amperes supplied by the factory)

True power _ Truepower
PE  Cosa

130x10° 130 x103
Cos405°  0.7604

=171 x 10% T ufEEw

F=< fafyr (Condenser method)

HATE TG & GHIAE § HAfeY GAIT F & H G T
2| oy & Ffiex &t @ie & Ieer ¥ gAifoa e S 2|
A | UAT GAfora Tear € o o 9wy § & i gar e
e o9 3 IX Sawas &war & ey & " & fFuilRka
FAT © forad & guw @ o 8%

HATAT: 37 THE & FAfe & 7o & f&{u w1 sfaety & g
frmafia i st €1 37 9w faya oiw & a9 F oo
FfreT & g off = & GAT AL FEAT AR
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