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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

e 1
IF Felfded WEled

(Basic Electrical Parameters)

Ay fasusdt (Course Outcome) :
Solfdceh TfheHATd Mol [afay Ty axaor

(Determine various parameters used in electric circuit.)

g fasaelt (Theory Learning Outcomes) :
1.1 feerear seifdce quecaar 313 @

(Interpret the given electric parameters.)
1.2 Soifager Aftheear eledT Trd TIST 1.

(Explain the given terms of electric circuit.)

1.3 Solfdeeh Jargrdr feelem IRUMH TS H.

(Explain the given effect of the electric current.)
1.4 feorear Afheardr g, drax 30T Ui 0T 3.

(Calculate work, power and energy for the given circuit).

qR=r (Introduction):

sofdca drsr (Electric charge):

37gAtiel SelaeleTel HEAT Al fohal SEd G107 FgUTSTT Selfdeehel ool (faegd
HR) B,

AT A Mg I A SolFeieldl &AT AMOT Welal AT THTT
3719d. Selagiel ATOT Weldd ailel Solfdee dlol A&ACHS TSCAT AT A ddT grar
ydgar faeetr (Opposite Polarity) 3@carHa Al fadifeeg oot (Negative
charge) 37O difgidleg =@meTa (Positive charge) YHATOT ¢l HA 3MEd. W
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

HIVTCATE! HRUMEAE, SegT Il Solarclel U1 WielTl AT el (Change),
egT 3eJar uifgicleg fohar fodifeeg ¢@adr (Polarity) 3 cITel Selfdgehel Tlol 319
FEUTAT.

golfdrgenel Aol Q IT 3G ERAGAId T ForHAAET (coulomb) HSTAT.

1 coulomb = 6.24 x 10'® electrons

1.1 SRRFC FC, Heec@ed &ie, Fleed TAId MO Fe Ed:
arafzger anfor YfFesda (Direct Current, Alternating Current,

Voltage source, Current source: Ideal and Practical):
e (Current):

Safdger dicdl sarear faegd yarg fhar soecieasr glerarer (Movement of
electronics) #FgULeT el ST,

Solfdger Hc | ganr gAfdel ST 30T AR (Ampere) ALY Aol SATd.

31TU3R (Ampere) = %W

gofdedh Hicy giieur (Classification of Current):-

1. 3SRR=< Fie (Direct Current)
2. Tdr #e (Alternating Current)
1.1.1 sr&e < (Direct Current):
%hdcs Tel Tael ATEUIRAT Selfdeh ol e U< e (DC) FEU el
STTell. SRRFE E da]dR A Hed (Value) fohal ¢&@Idr (Polarity) Seere wTgY.

ST Shoear ol Tt G (Positive or Negative Direction) aTgd. W gl
fowmol seRFe e ddaR A Hed (Value) deold T Ydrddr (Polarity)
deold sTal oJTell Jerafear ST 31 FuTdid S ST a7 Ueh YRR 318, STRREC
I deghId Trellel ALY grEdel 378,
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

N
Direct Current
+\V
B >
Time
3Tt 1.1 SERFE FE
f@#sier (Symbol):

DC

39T (Application): ST §ell, WoR A, TV Aol, YHAfhTH ST

1.1.2 wHl #I€ (Alternating Current)
3TeeTTed FE (AC) §T Solfdedh aiedl Ush YR 3g, SIAEY Hhicdr 6ol
fAREd e e AT (UIidieg-fiieeg) deeld. octeic ae fARYd
CISHS 3T9el f&Rrm Seerdr.

3oeTele I YA G& gidl, @ g (Peak Value) Tdid dredl, 30T
AT Al g, AR Y ae deolel favey fededr dish sgeg wdid digredr,
AR Yogl HAS Hedihs (Bhs) W A 30T a1 = (Cycle) el oRigey
g (A &g Tfdhe ALY e e 3A =&d).

f@eater (Symbol):
AC
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

Amplitude
A

Amplitude (A)

- - — »Time
o \/ \/

HFr 1.2 T e
393191 (Application): g1, S3€EIST 3.

1.1.3 Ed™ ¥R (Types of Sources):

SfFced AcahALY IUSY ol Y YR TANT FgUIal cglecol T 3ATOT ae
A, Sglecol TAIAEY SUATHY BT Bl 3T d¥ I TAAHET Fcd BT
BT 3.

FE I
(Current
source)

rees d1d
(Voltage Source|
% 4
IfRTa e | e T I3 Ed vfeFeshel Tt
(Ideal source) (Practical source) (Ideal source) | (Practical source)

Mt 1.3 TN JHR

1.1.3.1 sgleeT &d (Voltage source):

1. A3 cglecst ia (Ideal Voltage source):
ST cgleesl TIT ¢ aleT:efiadd 3UhIUT 3Tg ST cglecol HIoTaT!

&7ol TERIT 318dT 30T ATeleT SATVMAT Folfergeh shic UNGeT Fada 31l 3720 cglocsl
EEdTeT IS S@lecsl T FgUTdId.
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

Ideal Voltage Source

B
MFAr 1.4 IARIT greca FHd
TSI Sglecs Giddar g IAEe=d 0 (Source Resistance) g,

FEUI elisHg fhar dlis FAAdT cfAeel Sglecst (Vag) ol cgicarear (V) sRiads
R A, § 3Mehdiid eRifdel 31Te.

2. YfFewd @lecsT Td (Practical Voltage source) -

YfFcehel Sglecol TAId FgUTSl Tiiaddl cglecol (Vag) TTelld cglcoredr (V)
RIS [T T AR ANSHAD /T AIATT JeAHD SBlecsl T TG =Te.

YfeFcahel cglocsl FEId HIET FHAUNT Seoio Sieeed el FHId FgULT

N JATdTd.

: A e
AN\—
—p l
+
() V VAB Practical Source

e

MFA 1.5 AfFecwd grecar T
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

el ALY, SIcgT WIS Tholehe shololl TG degl FRC SIRT 3HTg 37107
SICET IS Sholde Fholl degl | 8T e el BIdl.

ST oS ae | SIEd gidr a8 effao glecsl ¢ HHT gid Sid.
Vae=V — (Ix7)

1.1.3.2 ®3c ®F (Current Source) :

1. 3maf3ger #Ic G (Ideal Current source):
RIS e Uid & IAT cfHTeTALY JASodedl PR ISl

A e

(fSrEeeaell) TA Hic Radl.
A
—_—
I Ideal Current Source
D
|
V or Time in Hours
— o —
B

et 1.6 ImAfSTT Fe WA
SiegT oiis (AfSIEed) 3M3eye TAATHEY Shelde dhelell IHAT degl IS

T Fidl BT AISal Hickce HE Il

2. YfFewd FIec T&d (Practical Current source) :

fieFcehel e FId &1 31T FEId 318 SATe Aol shelell e g1 HAT
Tgd ARl Yidedhd e Fld AT dREcaaely Slseldl Tah AT I
FAIT FEUT TEId hell STl ¢ 3Tehelid Gefdel 38,
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

o>

<'> | § II Practical Current Source

V or Time in Hours

9 —
B
et 1.7 WfFewra Fie &
B (Rsh = 1)
L™ (R, + Rsh)
I,
IL=FI’I§5I~T{"¢'
RL=?~I’I3®RFH

Rsh = THATHR e IEEeq
SiegT o5 (ASEeed) 3M3cYe TTHATHEY Shelde dhelell 3T degl Hideehol e Tl
HYST RaodT STV e HET ailel 3Mehdl ALY ZdeAT THIUT g gial.

1.2 safded Fe, safdes N, NERNTT BwH=w (PD), saFeIAIees
%I (Electric Current, Electric Potential, Potential Difference and
Electro Motive Force):

1.2.1 gaf¥ed &I (Electric Current): Sodcicadl gleldTel fhal SsfaedT HERIerear
3Td SolFelTT YdTg Tl Solfdee e (Soidcad aic) FgUIdid.

Solfdgah e | gar geifdel ST 3MfOT 3R (A) ALY Alefel .
gelfdgeh Shic dobedl HEHTd TTeledl FGardl el FUI GETeT 3HIB@ell ST,
Sl YaTg Hhciaed geifdearyar sedrear fifees Srmarge diehées
TR d ST,
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Feea Rega affaifah - 3e2at0 Fundamental Of Electrical Engineering (FEE)

-00—’..‘
A
v
< ®

HFA 1.8 gafdesd Fe

URYTRYOT, TaeTel TaTg §TaX A3 (Higher Potential) gel oilax qiefRu3ver
(Lower Potential), FgUrala Gigiidleg WIETAMS (Positive Potential) #gel fadifeeg
qrefA3rer (Negative Potential) &3 dTgdl 318 #Fgcel SId. FEUETT, ST ddds Soacid
yarg fAifeeg (Negative) o disiiéieg (Positive) cf@deas agdl, dldl sdfdes ae
dediear disiidieg Aaargs dediear fAdifeeg cieras argdl.

1.2.2 gafded MRS (Electric Potential):

AT Fog HHISAT Bl Aol doledl UIiched (particles) T fa=X . =
ARUT T AIHEY JfdeyuT erFdr (Force of Repulsion) 31&d.

B A
P ‘nnmmnnn’ #
LN gty T11111111111111 n_.—;.:“

Force of Repulsion

et 1.8 FAfFesd MR
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

el B o ITeT A TIT Sded A0 38 X AT gfasyor eedar fagera
S HUS AT,

Tehl TToTell GH-AT dloredl Sidc MUTUATETST FidehyoT QreFciear fasetr sholedl HaTd
Solfdgeh &TAdT 31 FgUTATd 30T o glecaed (Volt) ATl JTd. dlficshed (particles)
=7 Aol IR araad Saifees dIERIFe 7o @l S,

1.2.3 9RfRA¥a 3%T (Potential Difference):

solfdes Afhe AT gl SIHHAEY T IeAT Selfded dlecolTdl BTl I Il
fSw=a (Potential Difference) 3@ Fgordid. dcfad Bwead e V 3 3o
gAc dlee (Volt) 31Te.

A B
Potential Va Potential Ve

Potential Difference
Vas= (Vn - Vg) Volts

et 1.9 IR Bwew
39,
gisec A R NIRRT V, diee 0T dise B &R QeI Vg diee 3R,
gisc A g dise B #tfiar aefRiue Bwiey =

Vg = (Va—Vp) dlec (Volt).

qefrrer fwI=war aun#d (Effect of Potential Difference):

1. SR o foig varamiel SHshdlan aRs Siseld 31did av qiefae fBwteaen

YdTg.
2. SR 2 TSatder MeRITe fShied 0 318, T AATHEY HIUATE! Feliage i
JUTR =ATe.
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

1.2.4 gaFcIAIfecg B (Eletro Motive Force):

Solacldl Tl fafdse fqosl fuara srofed 3mom=an golfdgs Qe
golercIAIeE BIE FEUTAN.
EMF 2 wehsh cglee (Volts) 3e.

SR Jedl fohaT sgledsl EHId AThNAed S fIeaTAT Sised 3@d, X AFd (free)
golele, ST FHAIATeAT ishidieg crerear e fhcliel. & goifdesd erciae fohar

AN AN

STEg JeIeAT g sd.

1.3 safdedd &, 9@y TOr wesit (Electrical Work, Power and
Energy):

1.3.1 saf¥eawd a& (Electrical Work):

Solfdeahel dch FgUTST dlel UehT UIecddd H-dT Ulsecal gedidiRd (transfer)
g

FIUGTETST ehelel Y. Folfdgeh HIATT Teheh ged (Joules) e,
SdfgeaT ah = W = Q * V

wor (But) [ =%

Q=1=x*t
W = VIt (Joules)
1.3.2 sAfFecawd 9G¥ (Electrical Power):
gaifefgeh UlaR § Sglecst 31U edm IUMHR (product) 3ME. Felfdeen dlaT
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

P gar gaifdell Sitd 3for of ded (watts) ALY Alstell ST
golfdeeh Qi Sglocsl vy fdegd ieeal JHATON 3HEd.

Solfdeehe giaqk= P =V * |

S V=IxR

N v 2 V2
Sollagehel 9ldi= P = [°R = 3

Solfdgehd dlak dc (Watt) #FET AleTdrd.
1.3.3 gafdedd At (Electrical Energy):

golfegehel Teloll #FgUTSl Glal 30T dobal (time) IOMHR (product). S
Slfecenel @i (1) ITUIR HSFAAYST AT UIERITSA BHEH (V) TElecHean (1)
YeheTHIST aTed 38, TR

Solfdeehd Uadait = E = V x [ xt Joules.
Solfdeah 3o Ueheh cgc gal (watt hour) 38 faar kWh.

RO 8 TEETST 200 V DC WRaddiqe 10 A =7 gofdeshvare 8d. kWh #Hedr
AT AT Fordl IUTAT .

solution:
gfaR = P = Vsl
= 200+10
= 2000 W = 2kW
TeToil = E = Pxt
= 248
=16 kWh
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

1.4 IRTe=w, MRetedl, FesFddd), Meerw alie arvAET=T
gRumer (Resistance, Resistivity, Conductivity and Effect of

temperature on resistance):

1.4.1 I3¥e=a (Resistance):

hserey HYS Jalfgd GIOTAT °lel o faIer HIodredr yerdiedn Juresd
e 3 #=gurard, § 3eH (Ohm) (Q) ALY Aol Ja 30T Reg R 38,

Jcdeh HAcRIelel I3Eea 3adr (Self Resistance).
T EEeH FA AT TR Sogoletar AT U Sed 3.

eTear ASeeed &g 38!, #eU o Sclfdge JaTgrd eTel argeh .
CAfEee, dEs, HE AMRYY FH1er AR ATATAYSA FAfFesdh Fc 13 & &Y,

FGUH Il WS el fohdl Segeley FgoTdrd.

!
feew = R =0~

Y,

o = AcRIeT YA Er (Resistivity of conductor)
| = FsFeIdr oelr (length of conductor)

a = pra-[aAefT &9 (Cross sectional area)
Irergay IR U g :

1. YEEe=g & &saex oerar ¢ (Directly proportional) JHTOTT 31T,

2. YETcT §T HsFe hia-OaeleTol &13redT & (Inversely proportional) JHATOTA
3.

3. AN deolde, $HsFeddl doldl Fold SAHS USEeead Hed Seold.
AT dT9A dleedlsl Ieeedd #ed dred.

4. UREfEer Ploteee 3T T el Sgeg AT AR e 3.

1.4.2 IR d (Resistivity):

Ifeefegdy &1 gerdar 3r@r quinl 38, SAMS Yerd AR Hed
gargren o &l I3Reeedr (o) 3M8#H- HAleX (-m) ALY ASdrd.

1.4.3 FesFdlcgiel (Conductivity):
ISEe=g=ar I@Weaer (Reciprocal) agshdr (Conductance) 3/ & FgUTATd.
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

g G gar cdfdel J1d 30T argehdd Taheh H1AH (siemens) 3Tg.

A icgdear awWear (Reciprocal) sesacicgrer (conductivity) 38 FgUTdTd.
g o gaR cdfdel I 30T argehdd Tahdh TA-H/ HIeX (siemens / metre) 3Tg.

1

o =—

Q

IRDTTR AIAATET IROmH
‘.\‘
g
H
3
&
SEMXCONDUCTCR
/ N
———’—"/
TEMPERATURE (T) ~——>

MFr 1.11 IRATFEHaT aqHAEET IROTH

1. IET [ UTATS (pure metal), fafRIse quaATATaT AT (range) ATIHTATA
dle SediHd USEed dedl M0 Ak USeeeq grevardr & R Tgar.
UTHEY AIEeaar Ulisicleg dTaATe a[ulish (Positive temperature coefficient)
3.

2. AT dIEHE STadelas §d fASUTET (Alloy) YiFesd aredl, W ATIATHg
USEeaa Seauamr eX UIq=aT Jofid ®Hl 38 (Silican Steel).

3. dYAT dlGedld $egeledl (Insulator) ISeeq FAT gidl. THDS ITell
Ureera=n faaificeg AT ot (Negative temperature coefficient) FgoTdTd.

4. s (semiconductor) ALY ATUHATA dleeds IrdT IS1Eced HaT gidr.

ST 0°C W ITeaa Ry T $saeX t°C a¥ IRA dhell 3¢ grar I3eea R, 378
R
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

R; = Ro(1+ ap*t)

oo 8T 0°C aX dgATs d:I,UIiOI'v 3R,
aATEE SRefegdar afom:

Fded IBEcga A8 dX Acfae shsgedr IEeicge! ST dudAT ardigg ded
3TOT FAleE 8.

ATIHATATAIT SEaTdg ACRIAT ITeicgcIHaed IVIRT S Tlell TGall 3Te:

o= oul[l + ai(t2 — t1)]

J9,

or & 1°C AT JRTer Y3Refedr 3w

mfor

or 8 ©°C argATAT FeRIerar WfEefd 3.

ar § t1°C dI9ATEAER HRIerear InFefcgéra amareT qons 3.
w o HeT difdleg 3r8eard, ACRIe Wafeefeed amed.

1.5 IBFead YK (Types of Resistors):

ATATI: IECET gled JRRIALY IR0 el 13 Thd I i fafaay e
(linear resistors) 37O slI-farfelaX X (non linear resistors).

A) fafaax I (linear resistors):

ST e geg (Value) eeledm dIIATT 30T Sglecordg deord, i fafaay
BT F{UTATd. qu‘qn g ASeey & Tl 39Ul 31HaTd St A< Ay
Solfdgeh PC gl degl FTAd:aX Sglecsl 3T dIR adld.

fafiay WS o el HAd ThR 3ed o/ &l R IS (Fixed resistors)
3TOT g RATr AT (Variable resistors).
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Feea Rega affaifah - 3e2at0 Fundamental Of Electrical Engineering (FEE)

TYPES OF RESISTORS
———Ens———

[ Resistor

Thermistor

Linear resistor Nonlinear resistor

Photo resistor
LDR
Fixed resistor Variable resistor

Varistor resistor

Potentiometer Rheostat Trimmer resistor

Surfagce mount

Thick film resistor Carbon composition Wire-wound
Resistor resistor

Cermet film resistor Metal oxide resistor

Thin film resistor Metal film resistor Carbon film resistor

MFr 1.12 FATEHT THFR
a) faw IBwex (Fixed resistors):

e ISrEeT § TafRlIse Hea 3rdelel WSy 3ddd. TR e & #ald aed
AqRSAT SATOTAT IR e 3. Afhedaed IRy gy de FHoamardr
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

Solagifolad AlchcaALY TR IEFEIET araR Shell ATl

R e v

1. 9T 138 e (Wire wound resistors)

2. T8 fhed IZTEX (Thin film resistors)

3. SIeeT iU IBEeX (Carbon composition resistors)

b) gRATe BT (Variable resistors):

ERATA IBEALY TABEAT THACY Al FRIASA Ieead ALY IEea
TCCOIUITHTST FlIISTAT Hedlel $heaeldl ool Jgoldl Ud. HSdeldl oledl FgoTal
fhera cffeter 30T Tamrafser cffiae Ireardiel AR, STl sl oed dgald adar
Ve ageur dgeldr.

e RUsel ST TR

1. 9rEfRAARY (Potentiometers)

2. R3i<e (Rheostat)

3. feAT T (Trimmers)

B) AI-fafaay BT (non-linear resistors):

AlA-eN AR BT & 31T TR IFER 3:ard T saifdes e, oo glecst
fohar AIATATEE Seolar o 3NgHTaT fATATAR deerd e

1.6 gdfFesd Ftear gRomA:

Sclfdeeh FIcdr IRUH @reilel YATON: §If¢sT YHTa (Heating Effect), IAR™IAS gHTa
(Chemical effect), Jaehagea (Magnetic Effect)

1.6.1 &ifeer ysma (Heating Effect):

NG FHSFIHAY Selfgeh FC dAEAl clegl HsFeIHALT 80T AT Bla.
QIfeaT ghere @rellel FHIRIONS feelell 3T

H=I°Rx*t
S,

= FC
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

R = ¥gee-q
t = A
gITCITeC Wrellel TCehla] 3Tdeidsl 319
* dBt SATHTS Felfdger HC dgdl.
* HEFCIAT Selfdgeh JBeeed foldel SIed fadehl 3SUTAr AT 8.
* Solfdgeh aicd YA foideh Sed 3@ fadehr 3sutar &Aor gia.
SR fdegd sie o 3 8e o} [HHATOT glomear 3sorad YAIoT U™ el 3rgurHr
AFIAT T O oY &TT AT Y. qU, SR A e S I-he T/ SIed
YHTUTIA 3S0TAT AT gIogrT a3,
A) gdfdesd &t (Electric Iron) :

A (Mica) 8T Ueh Sogelcd 37 Sl ST UTc(al $ET 30T ISl ST Sael
SITal. Selfefger CTAT ANNE Higel INA Bld Si FAc AFRIGIR U AT ATTHEN
GEAART hell ST, AT, UT[@T $ET IRA glal S #Ack HUs SENATS! TRl
ST,

FAr 1.13 gafFes s

B) safdcs aea (Electric Bulb):

golfdgeh ToaHEY CIECe U Selelell SIS YTl dR 3 Hd. Yol SEagHus
fATShT aTdraRond Sae Siid. SiegT TIFes dRRHALA Felidgeh Hic dledl degl o
IRA A IMOT Gehrer 3caford (emits) FXd. Sl TR AfhecALA FHlGerall
g Selfegeh 3T 3SUTAAT TaRard faafora gia 3nfor 3aRa gehrer 3ofar Tawarda
3cafad gid.
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IMFt 1.14 gafFes soa

1.6.2 Tfa® 9@ (Chemical effect):

SIeET Folfdheeh FC THICHT hARAHT STl IegT hideheld HIeAI0T (lonization)
BId. AT HROT Y T ST HIARAHYT Felfdeeh e STl dogl ATTAh Fishar
(Chemical Reaction) g1d. hfAded FTIET 0T qTaelel Selaels ATaY hiARAHLT
Grellel aRoH gt A

AN

* HiAGHorAT [T FEolvl
* SAICISa] T HISUT
* hiARAALT g543 IR gIoT

A gasfaf@a (Electrolysis):

ST Sicgl gelfFeeh Hic HiARAALA STl O HiAGerd ShalfFee g
Tl Sl fafad Fgurdrd.

* SAFCITART SIFTTA, TITSIcIeg ATT dhelel A fA9Ifeeg Selaeisshs SITdrd Tfor
faifeeg arer Foredl T UiSidlcg Soldeisehs Sidld. Ady Uifsicleg dTol ahelol
3T Solacied UTed HATd M0 [Aeieeg Tl dolel 3T Sl IHTAAN.
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Key |
D S
Cathode— ¢ + — Anode
Cation O GX Anion
(#) ©
1—Electrolyte
00 @O solution

IMFdr 1.15 sAFfafdw

* 3GEUNY, SR e Af3TA FARSSAYT Sd 38, N WfsTA FNss Afsas
JTTOT FARITHEY d9Ta (Separate) gl 31O o =T SO (Related) Selaeizaay
STHT BIdTdl. YTl 3a&q (Precipitated) gidl 30T @ &T8Y ISdTd.

Silver Spoon
(Anode) (Cathode)
"‘—-—+-—.‘
Ag 1 Electrolyte
solution
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f&eax wadier (Silver plating):

ST GET SRS oA 3¢ o diel Ragdredr fieeg effondl Sisee 3.
HIEAT JehsT uilgiieeg cifieTorll Siseel 38, SoiFcidage § dicrd AIee Shidehe
31mg. 81 Ffohar TS Yeer FOITS SEIel arell S5 Aehdl.

1.6.3 Iah1T YT (Magnetic Effect):
ST SicgT Salfargeh Thic ShseeX fohdl ISR STl degl Gaehid &7 fahfdd gl

30T iseT Gaeh FGUR HId HIUIH FaTd .

HiolcigsHS fdegd HicHs Tahg &TF [asfad gid.

S

Hidaissear AR dahrr el qeehia arefiear qeasarel dahry HIvATarsr
IR T3 Al IR FehR AR FTeledT Yeohiell SoFelHIne 318 FgoTdld.

Tq:3¢9Y+1 (Excerise) :

(1) SIR&C He (DC) AT 3ectaAledr e (AC) AL Wi foigr.
(2) S@lecaT EEId AU e FHId I TISEIHIOT ST

(3) IATCT FEUTS FT 0T ITeATaX IRUMHA FHIUMR TISC .
(4) @reltel eaT&T foIgT - EMF, aic 33 e 3wied.

(5) T forgT - saifdcael g, diax 30T TSt

(6) T fogT- Ygrrewa, YaRefesdl, fes+dwld,

(7) YB3 aarel dTIHATIar YROMH TISC .

(8) faerd 3 T RUmARY TIsEevoT .

"est qrsaqEd+ (Reference Books)

(1) SlfeFeehel CFelclioie IeaqEdsh @S - 1 - B.L. Theraja, A. K. Theraja
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(2) 9T8® Solfdcawd AR - T, v, g
(3) HeeId Solfdgenel STAI3RE W7 - 1 - THALAT Adar 30T diega

o)
(4) FTRI SAfacehel U SelsFelialerd HAAFHT - Samdaa <., fa=ile FAR &,
WUW 3.

(5) HeTH Felfergenel STtfA3TRaT - g@?r 37AHIH

HecdredT 3uged foieq

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

(2) https://www.electrical4u.com/electrical:engineering:articles
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Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

e - 2
D.C. af¥eH
(D.C. Circuits)

Ay fasuslt (Course Outcome):
D.C. afdcaaed safedeae sTAf3Rer e s amw.

(Use basic laws of electrical engineering in D.C. Circuits.)

g fasuelt (Theory Learning Outcomes):
2.1 e Afdheeal Seatel UGIECHT IUTAT HITATHTS! INGHTT [AqH oe] .
(Apply Ohm’s law to calculate internal resistance of the given circuit.)
2.2 orear afeeardr sfdacgee ISFeadr IUTAT .
(Calculate equivalent resistance for the given circuit.)
2.3 ferear Acada gaffertor T

(Categorize the given type of network)

2.4 feorear affeata sdfdcad Faifcd= T HvaErd fFEcy el @aH
0T fohaicH cglodsl folad ome] .

(Apply the Kirchhoff's current law and Kirchhoff’'s voltage law to calculate
the electrical quantities in the given circuit.)

9= (Introduction):

BT, HUfAT, 3T 0T cglecsl TAIT fohaT aie T 38 AfFY gea vHawRh
HEFeY o SIS AT odegl Acdsd fohar Ffthe FeId.

Tfhe fhal scas ald JhRd 319 rehcl.

i AC Ffée
i. DC #fée.
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39ur DC Afheaega Tdr &%,

2.1 gHAar fAgd, TG sead METerd, s¢ad cgleesl 319, fdeTd
cglecol (Ohm’s Law, Internal resistance of source, internal voltage
drop and Terminal Voltage):

2.1.1 3g&ar fagd (Ohm’s Law):
solfdecha AfhcHEd Sicgl Tfhedr #Hifas aRTUN F&@ dwdAe, Fsecm ACRT

ScATST HIIA  (constsnt) 3THAMEAT, Solldcehdd dE & Selldcehd UlcioRr3acar dH
AT 30T IBEeaear sg&d AU 37Hdl.

laV
1
I «a E
qE=aT Aserd, 3gHdn HgH Fiardl &l FlheAed dgUIRT Saifdcehel FC &1 FollFeehel

grefRi3Te=ar G487 AN 30T Afheadier ISea<ar sa¥d YA 39,
R 3NgHT HAIAFAR (R ATIHTAT):

I=V/R
V/I = R
V =1%*R
SR | = Safdgdha Hic
V = cgleesl 319

HROTHE, Sicteee 3% WMURLAATI R o By (Aeeh) FgoIdd 30T
0 Teha 3R,

3eaear ATAEER qrear giscaa e
qredT AfhcHd fAWUT HIUATT AGd IXUIATHTST & THIRIOT el R H® AHhdid o
qrg 2T
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Current Flow
— —_— —

+ l

Battery — (D Electric Lamp
et 2.1 wiew

e fheaed, glecaTar Bhad Teh dAld (Fedl, S1dIhs) 0T U Selfargdhe
YBEeeH (Fod 3odiehs) e, Jigeear FuaAnaR ar affctder Horea ae
gTe Alfgd 3 TedT (Slecst, e AT IEeq), fawr ARaa Hoararsd:
3TYUT INEHDAT TAIHA qIIE LAkl

BIIS:

o Solidgehel Hlthe AT FoloT .
o Tfthe ear 3gre.
o Solldcaha 3UMUl f3STST FOATT HAGA Hld.

-~ —— -

o Ul Sholegellel HIY i,

goeT QENT HiheHALY FHed Fldl.

are:

AlA-ffa Teshiay e & =T,

3ea fhadediay 3uged AT,

SIET dT9ATATd 3799l a3d.

AHIhsFe ATHEAIS 3.

FaleH (quantum) ShercHes Goral .

HToTHhUH:

o Ula holeole] IUGTTSI.

o Sdfdcahd TehHiAdT glecsl ST FIGUATHTS!, NgHTT FIH arRar Srar.

o Sofdecaha affeca e, Mg fhar Fe [ARTT FOT 39T+ 3R,

e DC ammeters 30T 3k DC shunts HEI Selfdgehel @i Jelfolardld (redirect)
FIOITATST WS NgATIT AIATAT dT9T el ST

24| Page Maharshtra State Board of Technical Education, Mumbai



Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

3areYor 1:

SR g&irar ASree=a 50 O 3 8e 30T 3.2 A o1 gofFeehe @i VSECHAYA argal
X cglecsl Qe

solution:

R= 50 Q

| =32A

AsV =1xR
V=32Ax500-=160V
3TgIT 2:

8.0 V =1 EMF ®id quivol ISiecea Folfagehel 3TN (S dod) Siiselel 3Te.
ATTA 2.0 A =1 Solfdeehel C dTgal. Hafacdal aray USEa:IhT TEId 1. FelfFehe
3YROTTAT IFEc Q.

solution:

V=8 Va,l =20A

As R =V + |

R=8V+2A=40

2.1.2 EdamET ddd IBEea (Internal resistance of source):

TEarr Jd9d (Internal) IEFeea FguTSl A dledfais (imaginary) YERe4,
SO1Hd Afthe ALY SR e I8 T i sgloest ®ell (Decrease) &ld.

gt .
B & r|A
——if——— AN

-~y

MFAr 2.2 FHAmET HAAaT WpEew
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JoredT 3d9Ta ISEea (r) 30T emf (e) Ao T

e =1(+R)
3, e = EMF #UTsl selagidAlfiteg BRI (@lee),
| = & (A),

R = @5 Eceq

r = 3d9d ISea (3gH)
el FHIEOT Godeell Shedlar 3Maedrel Ao,

e = IR + Ir
or
e =V + Ir

2.1.3 3ideid geesr 319 (Internal Voltage Drop):

cglecol 1T FgUTS Sglecsl A HEflol 31 cglecsl o cTedT Seaiol ASIee-aHd HAl
Bl TSNl Scolel Sglocolsd FEUICIA. BT c@locel HET ool 31T Hiehedl Tepor
WRRIHH 3’07 FoAde FoledT oS aX Shae Hdl.

SEleceT 319 Bl gar faeie 3,
V=1%R

a2,

| = @ (A)

AN

R = @3 ISee=d (Q)

= eest 3T (V)
3qTeYor 1

9A =T Saifageheaic TaT AfdheAYs agdr sarar Ieree=a 10 Q 3adr. §OT affeay
cglecst 3rq fAfRad .

ERIRK

ae= | = 9A,
BEe=g = R = 100
cglecst 317 = V = IR

=9 x 10 =90 v.
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3ETEOT 2
15 Q 37O 30 Q = fear S shelerie #Ed Siselel Mg, AT 4 A o1 Fe drgal.
glocel 319 fafRaa .

Wee=g R = (15 + 30) Q

R =45 0,
HC | = 4A
cglecsl 3T = V = I1Z
= 4 x 45
V =180 V

2.1.4 <A sgleest (terminal voltage):

fSegrsa™ Tglecsl HBeYe ATl fATeaALY Hislel S TN ATl STl sglecst
V FUTdrd.

AT cgleesl =V = emf - [ *r

Y r & g YTy 31gar 30T | &7 ATIIAT IS dEUIRT Soifdcehel shic 3ql.

2.2 rFea= Rdier sisoft snfor Mre=w= gAY ssvft (Resistance

in Series, Resistance in Parallel):

2.2.1 YSrerudt R/l ssvlt (Resistance in Series):

SR HYedTehs il JaTaeTedl JehRd ISECTAd Ry, Ry 30T R; & TshaAwRT Us €
T3 (end to end) FaAac holel 3Ted, ST IMPNHEN STEA 3Tg ITeird AT Selererat
3 FEUIAT.

O aterereT ALY URUT (equivalent) IEECH &1 G ASIECa=AT ST TdeT 34l

RS T 7Y Q1 har QlueT e IBEeag 3 Jisdd 3gdid @ aie
JIEUATH Had Uehd AT 37ql.
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D
A——AN—AMNN—AN—
R1 R2 R3
Vv et e
| v Y s
‘, 1

Fdr 2.3 Mrera=h RAder ssoft

AT o YSEeed dige A 10T D ALY gr@delel e cdm€r THUT (equivalent)
BT & dieg! ISeaedr skelvdel 3 e, Sif e dise A o UeX Hldl ard e
qige D Urge STeY Al FEUS FC ol AT herdd Tehdl HET 3H.

3iEHaT TRIA e HeArd, 3 HEHT H

Eree=a Ry & sglest 31T (V1) = IRy

Ereed R, @ sgledol 3T (V2) = IR,

3OT IPed R X Tleest 319 (V3) = [R3 &,

THUT (equivalent) YSFCHaR Sglecst 319 V 3TE.

V = IR{+IR>+IR;......... (1)

THUT (equivalent) YT R T &R,
R 3gaAeAT ATATER,

(1) 3mfoT (2) a%aT
IR = IR1+IRy+IR5
IR = I(R1+R>+R53)
R = Ri+Ro+R3

T FHIHATTET 3 8T A F1, ST FIFaaed ALY o ISeed & Tl
IRATCTIT RS TdeT 3.

R = R{+Ry+R3+........ +Rn
o AT AfFecHed FT A (Equal) 3rd4l.
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o Al afFeaed vHor w@eesT V= Vi+ Vot Vs,
o S afdeaed vgor WPFeew R=R+R2+R;,

2.2.2 YSrerudY ATGY Nsvit (Resistance in Parallel):

SR ATYeds diedd dIadedT YohRd IToieeaad Ry, Ry AMOT R; & TR @t
AT SRATATIATO! SISl 3T MO Ycdsh MSTead 3sTear Jsid 3or srear
STo[d AT The SISl 3T o AT HiTFdeI2leTell §AICN (Parallel) IEFeq FgoTdN.

It Ri

et 2.3 MFeradr wATR s

SR AT TS ALY Tlecsl [SHH V AN el 3:el, o dl ac (1) Fell Hal.

T SAfFeameicel AT Aol Folfdeehel USECTAYA dle AT (Parallel) AR ABUR
3T Solfdedhd Ac did HAEHEY [AHRETT 5.

S Ry HYST SUIRT &C |y, Ry AYS SAUIRT &RC |, 30T R3 HYST SUIRT HE s,
THUT FE = | = Iy+lpHl3
THUT (equivalent) YT R T &R,

Iepclla®el § TISC 3G H, AR (Parallel) IEeed AT ycds USreced AT
glecs! TR SiiSelel 3R, A Fcde T glecst 31T (V) FAE 3T8.

FEU, 3NgHT [ATATER,

V = 11R1= I2R2= I3R3

11=V /Ry, 12=V /Ry, I3=V/R3

I=V/R
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o WA WfFHEY THT FIC | = li+Io+l; Iral.
o WA WfhcHAtd THUr greesr FA (Equal) 3ra.
o HHIGY HWibecHty Thur vred

o

2.2.3 Al "fhe g gaATa Afee #Atia =

% e afée AR ke
1 | A0S OfFeasy e o B | AR Ifhedasd adc o Jguaryg
2 |or ofFcHed wa Ere-a s | a1 affeasd, 99 IEea Tahahien
7L 37gdId. HATAR 3drd.
3 | de gfeecasd AR Tfereaed,
R=R1*R2+Rs 11 11
R Ri R: Rs
4 |T1 diheear qEdld, SRV TR | FACGR  FfheAtd, SV Ul
Sglecsl AT N Sglecsl A dl HHROT V = Vq =
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V= Vi+ Vot V3 Vz = V3 3.
5 |dfheedr T fNgalldr Wicc URUT | HiheedT Ut fgailel Blecdl THUT
gfhe @i3d & Al Afheay aRoma g Aér.
3argor 1

5 iSeerd y e 0.5 Q TAdeT Fihermed Siscld 3Hea™, THUT Ygrecd ol
3qeT?

solution:

R = R1+R+R3+R4+Rs5

0.5+0.5+0.5+0.5+0.5
=25Q

3GTELOT 2
3 ISEeH TAH 5 Q FAR AfheAtd Sselel I3, THUT IFrEeed fohdl 3r8er?

solution:

(1/R) = (1/R1) + (1/R2) + (1/R3)

(1/5) + (1/5) + (1/5)

1.666 ohm

2.4 UiFeeg nfor Iffeg wfde, fafaaw anfor afa-fafaaw afée, gfaeeta
3MTOr arreleyer |ike, #Als, U@, oW, AY (Active and Passive Circuit,
Linear and Non-linear circuit, Unilateral and Bilateral circuit, Node,
Branch, Loop, Mesh):

Ffée (Circuit): ofageha e (1) 8T, oIl HIAAT Uilaifed AR dIs Iereeed
(R) #ATha fAaifeeg eprerr Al 30T 3T9er AT AT aTe] Sadl ATl Felfeeahel
gfhe Fgurarg. affeaed teecg 3nfor uRdeg defied 3rgdra.

quHied (Parameters): Sofdcs Afdhecar ARAY geaisn A WHed Fgorard, S
T ISR, ssFex 0T PP 5. § WHEH THT ot A3 Adhdld fhar

FalRa e I3 UHhdrd.
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W g@fde (Linear circuit): fafer @fdhe moel SO WHicd doar &R
3GATd d8T o glecsl fohdT Hicdg scold akid. [ Gfte 3Nga=<ar F@am
qrelel ad.

AlaAaTsaX "fde (Non-linear Circuit): Aldes-R Afhe § 3H Tfthe G T e
Blocol fhal FcHg Seadid. sliTaiga] Hfthe 3NgHTAT AT dTeleT IR =TEY.

gfauahsr wf¥e (Bilateral Circuit): gfauefr aféc Fevral o oren fahar dfRIsed
(properties and characteristics) gi=gr A7 (Both direction) HHA

(Same)IHFdTd. 3cIgI0T: ST Hel gt

tHahl dfhe (Unilateral circuit): § 3@ Tfhe 3¢ I Iored fhRar afdrsedr
(properties and characteristics) car=ar 39T (operation) YAT SEerdrd.

3CTgIUT; SIS, ITFehRR.

gofdch aAcas (Electrical Network): FIUICARI YhR dholedl TAfaer Seolfacad
qHcd=ar igvfer safdes scad Fordmd.

Yflcg Aca® (Passive Network): SIIcashaed UG YhRAT STHATHAT Iid
IRl ST AT <ITell Ufeg wcdeh FgoTdld.
af$a decaw  (Active Network): SIeicanasy [AfSha  TedEg  (Passive

parameters) EMF o Ue fohar TahaeTT Sied T 39dTd ITell iy Acas FgoTdrd.

15 (Node): A1 7gural AfheAtar 3m@r g O ale frar s wfde daeied

Uhd Sligclel 31Tdld.

@ (Branch): Tfheaelier g7 31T #1197 38 sy Afe WHded o Agaaed

AN AN

Sgolel 319dTd.

o9 (Loop): & HfhcAter 3181 ol AT Mg ALY FHIvl Weled fahar s
T ST BT Ad =Tar.

AY (Mesh): Ush o0 SATHEY S VTG o[ AR
glees 3T (Voltage Drop): @iSGar dTdRel SATUTR S@lecal.
3CTI80T: I3esd ¢ c@lecsl 39y 3.
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2.5 fFwarcy #ic fFgdA, e wgieest AaA (Kirchhoff's Current
Law, Kirchhoff's Voltage Law) -

HIET AT HisheAtel e, dlecst Agd FUATATS! fhiaicy ATaredT ATE T
Al faaH Fled. d Jére AT TR

1.frareg se e
2. cgrecs &g
2.5.1 frTarcw uise 9w fhar fFwarcw st A (Kirchhoff's Current Law) -

FIVTCATET SelTorgeh Acamhtd, UHl discar fohdl STaeleian [HaUT=aT FHicdT SISteTordr
ST A= (0) 3TE.

grem 3 AT T SRl HWISUIRT (outgoing current) TeRUT Selfdcehel e odT
STERITHEY AT SHIUMAT (incoming current) THUT Saifefgehel aicear sRIaar g,
T Acaehedl SiaReTal HIUTg! Yook (charge) STAT B =TGN
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It 2.4 Frarcw wie @aw
IMepALY SATICITIATTT A SRl s IV HIgl HC 3 AMOT A Sierelel shge
SR FET T 37TE.
feq: SerereTehs AuTAT e dishidieg (+) MO SieRIeTehgel SOl dice fodtfees
() TR R
li+ (I2) +(I3) +(-ls) +(-Is) =0
ly + o+ 13- l4-15=10
li+ I+ I3 = Ig+ s
STFRIARS YUY FC = STaFRleTehgel SR FIC.
2.5.2 fFTacw AY A9 a1 fREcw sgieest @9H (Kirchhoff's Voltage Law):

PUTIRY §¢ (closed) SoifFcad Acapded Tcde ISegaed gIUIRT cgleds 319
30T Aeahaed e e.m.f AN SASEIONT ST =T (0) 3.

YIR + Yemf=0
b Node C
Node.. ﬂs Loop ( ) ( ) + V§
(a) -
2 mm——— L o <4
1 A I Ve
{ +
i
— 3
v, - S| &
v;
+ @
; Sum currents IN Sum Voltages (counterclockwise o
P — I, + 1, +I,=0 amps Vs+ Vg + V, + V=0vols
Sum currents OUT Sum Voltages (Clockwise order):
-1, -1, -1, =0 amps — V=V =V, +V=0wis

Mt 2.5 FFErcH Sece @AaH
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dtecst o FIST:

faferse gHEAeR fheaicHar fFaH o] HdreT, Slecst 319 (drop) 30T e.m.fs. =T
SISO Regiay faAy oe feer wrfgst carareT @rellel oAl areled H31d.

A) &Y EMM.F @ =g

YT Fe AT -ve AT AT +ve AT SIAl, AU SglecoHwed AT
a1e gid, FEUT AT Tlocolell +ve Reg fael Tfgsl. gadiens, S 39T +ve SiHeTola®et
-ve TfHATCET Tall, TR TlecaTdwed T 3¢, FeUT AT Slecoreal 3 -ve THeg el

current current
A _E;f B A E B A+ V _B A_ V +B
| R N
S e - motion —* Motion
Rise 1n Fall in Fall in Rise in
Voltage Voltage Voltage Voltage
+E ) -V=-IR +V=+IR

et 2.6 deft EIMF T Reg
B) IR 3@ =g
SR 3T Folfagehedeeal Al IEFeeaAYs e, d¥ Sglecsl AT Bld SHROT

gelfargeheric 3TddDhse Sl &THIDS digdl. FULT ¢ c@lecol -ve Bdel Tifgal.

SR 30T Selfdgeheieeal facy feQlel el ¥ SglecaA@Ed a6 gld. #gUl, AT
cglecsl diélel + Teg el drfgat.
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3 2.6 IR o Rieg
§¢ slcahaed (Closed path) ABCDA, 39or usdteredr fe2iad (Clockwise
direction) #ATahHALY AT, JICINHAT cglecsl IIAEY (drop) Wreldl e
e

|1R1 = -Vve
|2R2 = -Vve
IsR3 = + ve
|4R4 = -Vve
E2 = -Vve
E,i= + ve

frtarcH sgetsl fATARTER
- hR1- bR+ I3R3-14R4- Eo+ E1 =0
I1R1 + bRz - I3R3 + I4R4 = E1 - E»
frEcE=aT ATA™ BT
o fRTaicHar Id Solfdge i 0T Elecordl AgoT 0T & Lehal.
o Hcahdl THUT AEced iR HIoarErdr.
fercaica=ar AT #1er: S Fadquics Hafesn Hles 38 oY ey s

g T3 Qehdd ATal.
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3areYor 1

Ri = 2Q, Ry = 40, R; = 6Q 3TcIT, Welld Afhedey dgUIRT Sofdead e
GIECGR: T

frearcg=ar cgleca [GREICHIEE
_|R1 +E1-|R2—|R3—E2=0

21+ 10 -41-61-5=0
-121 +5=0

| = -5/-12

| = 0.416 A

TaFEII (Exercise) :

(1) 3gHar ge forgr T vaecelT .
(2) Ry, Ry 3101 R3 Y8ree=a amar aRomsr IWSeea Frer.
a) IErEcsasa e
b) I 37 AT
(3) UiFeeg anfor dfeg aféhe aAther v fogr.
(4) frarey sl A, fFEcy @lecs IA ORT T et .
(5) sarear folgr: =S, emgr, ou, Av.

(6) AR 3 Wgeesd ydHr 0.5 Q1.5 Q, 25 Q Ala wiFeAsd SNscer
3T, IRoMAY T fohdr 3r8e?

(7) AT 3 e I 10 Q A AiheALd Fsad HHed™, TROmH
IEEeg fohdr 3rde?
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"I greqqEaF (Reference Books)

(1)
(2)
(3)

(4)

(5)

gofFeehel Caeildioid UTogYEds @s - 1 - B.L. Theraja, A. K. Theraja

HAHA safacad STAfReord &mer - 1 - vEalare @haar o SHiega
alHdTedr

S

HA golaeehol JNMUT Solerciicierd JAAFHT - SIMAFT g1, fa=ile FAR
%., TXAUIFAR K.

o)
Helodl Selidgehel STotialaTiar - gl 3TRIIH

Hecdredl 3uged foeg

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

(2) https://www.electrical4u.com/electrical:engineering:articles
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e - 3
FfleT Jrfor st

(Capacitor and Battery)

sy Asu=lt (Course Outcome):
Solfaeehel Afheaaey Huffex foT e .

(Use capacitor and battery in electrical circuits.)

geah fAsudl (Unit Outcome):
3.1 feoredn YahR=AT HafHeI=AT W quled .
(Describe construction of given types of capacitor.)
3.2 feolear AfthcAed FATHT H1 TISC .
(Explain working of capacitor in the given circuit.)
3.3 ferear Srdn. (D.C.) afheAtd wqhur Sufficea=i aIurer (Calculation) &T
(Calculate equivalent capacitance in given D.C. circuit .)
3.4 Jfr IRART I 30T TS YhR 30T SHedereled HIEM,
(Define battery and state its types and connections.)
3.5 feerear suffiex nfor Jedardr arfter 3nfor f3Earfaier deg .

(Plot charging and discharging curves for given capacitor and battery.)

3.1 #IAR, O @A, FTHR e @  (Capacitor, its

Construction, Parallel Plate Capacitor)

3.1.1 ®4fAeT (Capacitor) :

FATHEY T HHATA: Solfdesha Afheqaed (Electric Circuit) aTaRell SITOTRI
Herdd fATSHT ©esh (Passive Element) 3¢, &#9ffeX § 3 3Ua0T 38 o fdegd
3ofear F&IId sl (Charge) ®Teq Ak, o U (Resistor) fahar s=geiex
(Insulator) LY STl AFT ATEY.

AiFeAYs facgd Aelld FgA chedicial U Gy (Ideal) F:9ffer
HTSaelell dTel &Idehies sl &9 rehal, FgUTSI ol dlel SHIAHAT HIdq Ahdl. &
Fafda are daX @s&eX (Conductor) fRar aRR (Wire) gaR f3Eamst @15 e&hdl.
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HUAffeTd HET 1A 7gUS Folaeieciesh Soil (Electrostatic Energy) ETaaul 3o Siegr
3T Al degl ol NSell (Load) HCAT HIUATATST G0,

3.1.2 F4f¥eT= T (Construction of Capacitor): WIelleT Tehcl HUTHETAT T2
aad. WA &A%a el alel Ulqd @sded (Conductor) SISfdce HATETAT
(Dielectric Medium) f@%#d (Separate) del 3THAT &l efiletold (Terminal) 39ehOT
IR 81, T AT Fgordrd.

THelFedl =i

N\t
—7 . ==

MHt 3.1(A): HFAfAeTR TEer 3MHt  3.1(b): FafAeTar Rwara

gegelcY fohaT STISAfFced ATETACAR Qe FATA Hld-Fhsaed I kel FURHET dIN
Bl HUTHCIATI FH Hedel FgUISl HSFeT - Togolc - THhsaeldl He.

3.1.3 gAY MO SFAFeh AIACAT HeaOs[d W& (Difference between

Insulator and Dielectric medium):

ST YerdiHEd W gelerciel (Free Electrons) &dld 10T cd1Has o 9ard fdegd
Feelel (Conduction) VAN IHAY AT, I Tdegeritih - S=gaied (Insulator)
3 FEUIAT A ST AERIHE dgdet foiedr faegd 3oiAx favey arse =mfa
dIR BIdTd cITeTT SRSl face ATEIH FgUTAId. STASclidgsd ATEIH (medium) gaT, 4%
(Graphite), f@¥f&@& (Ceramic), 1T (Paper), difee (Polyester), aFelie? (Teflon)
SCATET 3 Ah.

9 sgafdce ACRIT AT Segeley Hed, W @ Sogeled  diela
SSlfdee ACRIC 3ddleld 34 TN
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3.1.4 FIRAe 9FR (Types of Capacitor):

Wﬂﬂﬂ, HAfH S &I TR e
A) f5Es (Fixed) F4fAeT: FUfAc Fog PR Ulgeard rem [Fe (fheres) #afaeT
3 FEOTATd.
B) saRuaer (Variable) #3fAeT: S Huffet Ao (Value) Feolal Ad 3 ol &Tell
eRUse HAffeT 3{ Fgourdrd.
3.1.5 #3fJe=w (Capacitance): - HUTHTAT eI Foll AGIUATT &THIT (Ability)
HUTlcT FEUIAT. <arT Tehdh (Unit) W18 (Farads) (F) 38, o WTelleT9# 0T -

c=2

V
A Q - I (FeAHA)
V - feorer @ieesT (Voltage) cg@iecaamed (Volts)
HUTHCod 3VeT STFd ol o> Adhd -

£o.£.. A
="

o

C = FIlcea (WSTHALY)

A = T Tolcd 819%a (ARE HIeIHED)

D = & Toleaaelel 3R (Hieaed)

£r = o1 AregATETST Refea wAAR[™E

£o = WACTAET 3H TIF = 8.854 X 1072 F/M
3.1.6 #fJeT H™F (Working of Capacitor):

HHST, 3T Th FAFET AT SAAEY el THATR TolcH HTeT Segel (eI HERIewa
(Insulating Material) fd#Fd FelecdT HRd. IATAT HdR 'd" X 38, X Greld
Hehell HATHT S FHSH HUIETS UAIEeh HeHd (Experimental Set-up) o
FAFUAA dd.

dedIT uitsifeeg efdisTer (Positive Terminal) Toic (Plate) A dled SiiSelel 31dd
37T el fAdifeeg e (Negative Terminal) Teic B @led Siigelel 314,
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+ + +|+ + +
“— TIeA

— EFECECTE
“+— B

!
1||+
-

M 3.2: FAReR F

faeT e AT & Shell I, Sl HUTHTT fdegd 31T Rad. AHS delr
qifgifeeg cffieTel ShuUT8eTeaT A ClcHEHT Hard goldcicd TN Fld. § Hed Folagld
dedrear fdifeeg effiaaar dell emf g@X 99 dhel SATAA. SR § Soldgld sciedl
fAaifceg cffsioicar FARAI=ar wic B &3 el ST (Repulsion). AT Fdd<am
fShdH HFd golacled ol A d Tolc B Tdd Jarg &l Soldclel Yaig adR il
371 YR Tele A HeFd eldrelel AT 0T Tifgifeeg deid T} Tl B Felerciol Fdlehd
1foT fdfeeg SaAd. 3T U gl Tolcd Ta%cy dleiRel  (Opposite Polarity) €mRoT
h{dld.
3.1.7 AR Tole FAfAeT:

Grellel el FAICR Tele hATHeTd T geiad.
fSrera
P . s

N ST

hsidcd ol (TRAT A) \

EREGIEAC ORI T
MF 3.3: FAGH Tole FAFA
T YN CACH Uil U0 FHICR TN ST, FUA ATell HHICR
Tolc $hUTHeY FEUTAT. HUTaeTdT hsfaedl Tolcd (Conducting Plates) TR @ikd

fohar aMemehR fohaT 3MTdTehel fohar ESaleleR fohal el 31 erehdlal. fafrse
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1R foas € carear 3uFer 0T Sgleds ey (Voltage Rating) 37acisst 3r&d.
AR Tole Saffey § HUAeTd JehR 31 ST Soaeis (Electrode) 30T gegaifear
FERTST (STISeifeFgen) ©T cTaEAT A, GleT STl TITH Foleels FgUL hiH HIdld.
ATITAEY Teh SSel[aeeh HCRIA 3dd.

3.1.8 FAAIALY AISTAT ATord THIHIT:

AT ol HUTHCTAT HIVTATET TeleHed AIaoled! faegd arere FHTOT HATR
Tolc HUfACITAT Gl TolcaAdTd diefgel dlecorear (Potential Voltage) 2T @&
JHATONA 3. & &Y 3H Uiigel 13 Ahdid -

Q xV
FEUL, Q= (W )xV=C.V
S C = HUffeE &TA T,
Q = Tl HATAIHEY Tddolol o
V = gl ColcaAdd qrefager diect.
3.1.9 AT e HFAfAed &7ACT:
AR Tele HAfferar Hufficea g1 ar fhdl sl arodet 39 erhdr arawst aXfden

ST, ael FHIEUIEE, § FHoId @l C I Hod Toldeh Sed 318, fdder dr safaey
ST TTST YRUT & AHUIR AT, FGULT YU UTg Aehell T AT @rellel dreiax
HIeleeT MY -
HHA S,

aleT ColgHAHTe 3R - d

ColcqALIel ATETATT &7 - A
HIT, AT (Gauss) ATATER, 3T fegd a7 37 forg Aehcl-

3TYSATAT ARIT 31T e hufdcagdl carEdr

V=
3 3 TS 3T Hfdera 34 g wehall -
ook A

d
SIcEl TolcH 3E Sdes odedl JAIdid AUl TolcHd &19%ed AlS 31dd deal

TSIl SEAT SEd duTdced Aodd.

O

C
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3.1.10 QT TATHALY I STATATFcaH Hlfgcd (Dielectric Material Inserted between

Two Plates):

ACRIeT ARPIERIUe sUad Ade  (Microscopic Dipole Moment) aiet
ClcHael AT EX&TOT Ficl. 3MMURR, o Gl ColcdALd dideledl STUSeldcH
ACRIAT THT Sceld. ACRIGAALT WA (Permeability) 3/d St ardet
wfATfEfeEr (Relative Permeability) k gar feelr Siia. shafficea 31l 3me-

C_E.A_k.EO.A
d d

dleq Aehcll HRUT SSFeehALy qIAATETE k 318, S 1 Y&l Sed 31g. k of
FHHL SIsafdes Hierce (Dielectric Constant) g0 SElel 3d@el ST

3.1.11 ®Nfae (Composite) FATAE:

SIEgT THTR Tole hUTHCIA o SSeldeeh ATETH g THUET 3 Uery 314
0T 3 T T UTTeT Cleds fasteRd (Separated) Sholel T, dlegl <M Hlfoie
HATHCT FEUTATA. TehT 3Tl 3TYOT 31 FFU[ Ahll I Hulfole ST FgorTT faffiee
STSclTdgeh HATETH 3Tdclel 3ol dhdfdel OISl AUl FATCRALY Tehd SIS0l 30T
JA AT Tolc HUTAeTHALY, gl ColcaaYTel &1athes 37d: Ul S[ASelfacdh ATCIHTA
JATTOY 3721 SAR Ueh fehaTl 31aieh Ueraiell IRelel 31HQ, d<gl AT Y iiced WTelleTyHToY
HISTAT T3 Aehdl. Wellel 3Tehdl Teh JehRET Huliole $Huffied gra@fad.

A A l

£r1 37701 d Ez%.i?f;iiifrli.ii.ﬁéié}Eiifif;:.:;: C,
—— — |

= S,
£r1 3T d I
1 C3I'

B
Fr 3.4: FAfoe FAR
el IMhAALY SHTICITIHATTT Tehl FHICR Tole HUTHEIHAET AR ColcHaA o

Aead § A Ry 9ad a3ma, SR sEwe WEA Ag, Ay 30T A @Tdar
WWEH, £F2W£F3HTWWWd1, dzmdgm.
T FEcIVATY FHulfae HAfAeT oo TIRGTHET Asdd Hufded 3ed.
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U AT HUTACH TiellogATo A

1 1 1 1
—==4+=—+= ------- (1)
Ceq €1 C2 C3
hafdcad Hb AR
£o.£,. A
C =
d
a9 -
C = HUffeT (WIsHALY)
A = TH Tolcd 819%he (AR HexALd)
D = g Tolcaata IR (Heaed)
£, = o1 ATFANST Reifed wASR™E
£o = WACTAET 3H TIF = 8.854 X 1072 (F/M)
oL -
d
_ o004
d;
d3
UL
1 _ dl
Cl £4.£..4;
1 _ d2
C2  £4.£.5.4,
1 d3
C3  £4.£,5.45
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Y fIEIET Tl &%ha ARET g 7¢UT - A = A, = As

UL -
C, £o.£.4.4
1 4,
C, £o.£,.4
1 ds
C; £o.£,3.4

U FHAIROT (1) 31 fASST T -

1 d, d, ds
+ +
Coqg o Eri A E£gfrp A E£gfys A

Ul -
1 1 (d d d
_ { L, % 3}
Ceq £0- A £r1 £r2 £r3
co- £o.A
ea = {dl N d3}
£r1 £r2 £r3
3.1.12 At FATAY Tole HUfAeT (Multiplate Parallel Plate Capacitor):

AT Tole YA TIEAT ATATHEY SRS idceh AT 3ToiedT IETHaed
UhASIT SHadId Il Hfectole fhar Afeede (Multiple) THIGR Tole #afder 3

FguTdid. Afcedd THTAR Tole HIfAc@r #Uflced WelldYHTT ATl 313 Ashdl :
£,.£,.. A
c==" dr x (N —1)
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Kk}
A = Y& Tolcd &%,
Eo = Sgergerel (Vacuum) H9eT WiAEET = 8.854 x 1072 F/M;
E, = SISdiFeahdl Idel IR
d = cocgaHie 3R;
N = colcqdl |&d.
3.2 $UfAeT FAFUT (Connections of capacitors):

e AR (Series) fhar TATGR (Parallel) sl ST3 AHhdTd.
3.2.1 #fAeT FaTer:
a) "= AL Sisaer FURAeT (Capacitors in Series) :

grellel 3MThcllcd 3eJshal Cy, C, MU C; WRISH ShIfdcH HHelel dled huffey
WIRGTHAET SISl 3Med. AT RS HoddRTALT cglocst V o] shel S, 'S' a=

I FeAEN, §9 UG o1 gl Toddh HUTciedr  goacied  [aeamds
(Displacement) HHTST 318d, HROT Fa $HUTEIeaR fdegd yag FAGT 3L, D
d SEACATIHTUT GlelRerdg TATT ool UTed i,

& Cs €3

+r4_ |—ﬂ +&*| |—<;r +e| )
| I 1 |
Ml —— 2 —r— 3 2
(" —

dieest arel ea=r
et 3.5: WNGAET ANz MR

J,
Q - A% HATHIA Hdelel ATl (FellHAAER)
Vi, Vo, V3 - 9cde HAAALT dIOR @IV Gieferidel 3w (Potential
Difference)
HIT -
. Q
C1 —_ 71
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el 3MTehciadeT,
V:V1+V2+V3
AT
Q
v, =—
1 Cl
Q
V, = —
2 CZ
Q
Vs =—
3 CB
Ul -
Q Q Q@
V="+—+ —
Q+Q+Q
0Q 1 1 1
CS_Q{C1+C2+C3}

AT, Cs & ol $af@ex Cy, Cp, C3 =T ANl HeAdRleld FHICH
(Equivalent) suffcsa 3Mg.
U, AT Hafdced 39 feel S &,

1 1 1 1
—={=+=+=]

Cs WG G Gy
b) HHATAR Ay HITAET (Capacitors in Parallel):
grellel 3Tehelld 3(eTshdt Cq, Cp 3JMMMOT C; WISH ¥l dliel $uffiex HATR

SSelel afIdrd. S@lecst V AT Faaeedar o] del 1. 'S' Raa a9 SedraR, ¥4
$HUfJeT TTeT g
HAffeT FAIR Siseld 3HeAHD, HAdAN cglecs] FAW I, W
AIfSIIT e PeeT TS o J9Q9Tes dTel BT,
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o 1
|
| 2 C
2 e
Qz -2 . .
I 1
> .
Q3 3 I
1!
v
|
II
W

IMFel 3.6: FHIH FaAaereraed FUfA

Q - TEF FIR dadd o (TeATE)
Q1, Qz, Q3 - TP HufFeFda arer
3T9UTTE Afgdr 3¢ 1 Q = C.V
FeUleT -
Q= C.V Q = GV Qs = (3. V
atier Jpelioes
Q =0 +02+ Qs
Cp.V = C1.V + C.V + C3.V
FHOTT V & #HIeTel O -
Cp=0C+ C + (s
FEU, 'n' HUTHCTHIS AHATT FI WifTelTATI,
Cp=C+ G + CG+...+C,

3.2.2 fas&Y (Conclusion):
FEUT allel Tedd®el 90T 34T foisehy hig Mehcll i Siegl $ufficy HHATRHALY

AN AN

sl 3M9dTd, d<gl -

a) Ucdesh HUTHCIATT cElocst (AT dlecsl - P.D.) & V cElecd<dr 3ds Q.
b) TSHUT HTel HUTHEIHAEY TqeTaTel ST, FEUT UHUT TTol dATebcdeh $HUffeiear Bcleledl

grairer s{eT 318, 59 -
Q =0, +0Q,+ Qs
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C) AR, THUT Huldc4
Cp == Cl + CZ + C3

3 oo S
3.3 HUfAIAET FIoddel Falr (Energy Stored by a Capacitor):
SegT hUTHCTSl Solfdeeh AT Tl SiTell, degl =Mfoiar Tishdl F& gidd. a7

HTATaHd, dlol Ul CICHY GH-dl ColcHEd FEAIIRA hell Silal. SIET FAlTehge
gIed gIUTRT Foll SISoliaee ACIATAEY TATUT dholedT Soackercsd (Electrostatic)
Hrestdl FITd HUfHcGar IR dhell ATd. Ak BEAST HdE, § $les Fiasd

3.3.1 g
T,
C = HUTHeIAr &THAT (ability) (RIsTAE)
Q = FAAALY AT TS (FollHAAED)
V = Ffev=ar easariiad e dRferrer sieest (decaHed)

AN v==,
C

P.D. f3%cy gl 34T AT dq o gIaudTd &IH V gaR shel ST -
UL dW = v.dq
dW = % dq ------ FURIIHALY Arodelel dicfaRrTed Far
AHS,
HAfHcEaR ATSdelell THUT Fall 3TQ -

°q
E = workdone =W = f — dq
0 C

E=21x [ﬂ:%xQZ:%.%.Q
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E=-CV? 3Sqed (Joules)

g PUATAEY TTogeledT Foid FHIEHIUT 318,

31, 3.1) TEH HUfFALY 60 FHT » 60 JHTAT A UTAT Teicq 1.5 A=A
SIgAfFchedRr fasFd dheledl HRd. Il ddel gfAdfadr 3.5 3mg. 100 V a1
G dledsl AT o] &hel S, d¥ &Ufbced, dMol, Felldcs Feldd STEcl,
FUTFTAET TATH Tolc HhUAIALY ATddelell Soll IT el QATET,

3TT: Tolcdl R = 60 JHT + 60 J#T = (60 » 102) #r + (60 » 102)
U A = (60 * 10%) (60 * 10?) = 3600 » 10* M?
=15 & = 1.5 « 103 =
et gfFdfadr = pr = 3.5
V =100 V
HIT
&g 1: HUEcHdr VT (Calculation) T
U AT 38 I,
£o.£,.A
d

_ 885X107'2X3.5X3600X 107"
N 1.5x 1073

FgUleT C =743 X 10° F.

o

&8 2; G A0 FT (Q) -
Q =C.V
= 7.43X10°X 100
AHS Q = 7.43 X 107 FeltHA
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8 3: Fordd sfegerdr I0Er T (D) -
AUTH AR H1g hr
Q
D= =
A
_ 7.43X1077
"~ 3600x 104

¥ D = 20.64 X 107
aHS D = 2.064 X 106 =i_f;—<»|’m/:ﬁ’r2

&g 4) Fofdl VAT T

YU ATfedr g &,
E=Z.cv?
2
1
E=§x7.43x10‘9xlOO2
ATHAD E=3715X10%J  ------- (Ans )

S

3el. 3.2) i HUf@ex 15 pf, 18 pf 30T 12 pf Tfheaed FASclel . o TreTeT9ATO
SiTSelel AT THUT Shufdced MUT - 3) ARTALT ) FATRALY.

e 8e1- C; = 15 uf, Cp, = 18 pf Cz = 12 pf
A) 39oTE FTfg 3 H1, RS affheard!, Fadey duffead g 318 37 -

1_1+1+1
Cs 15 18 12

1 37

C; 180
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B) 3mauTE ATfRcY 3¢ Y, THAIR ARheHIS), FAeY S I 317 3% -
Cp = C1 +C2 +C3

= 15 + 18 + 12
T Cp = ASpf oo (5 (2)
3.4 FfR¥eE =l wwor nfor REmfstr &I (Charging  and

Discharging of Capacitor):
3.4.1 +9f@exa =aifster (Charging of Capacitor):

Shaffietear =feerErd! |idhe (Circuit) SolaRiel Wiellel Hehelld ar@ael T8,
Haffex wifsiar e FHHT FoarErsT Woreerds RGHAET Sisele 38, V &1 §qor

Ffdheal o] shelell I (source) 3.

= R
— T — AANN—

o . o Ve
T - | @
et 3.7: FAfeR =fStar
SiegT T&a< 'S' 3usdr (open), degl SufHeTay HIUTAE! dlel Fad 0T AldheAL T

faegd vare e rad.

t=0 x|, S'ﬁ(close)ﬁ,mwmﬁa@maﬁw
el STHT & oETdl. HIT

URTAS dIfieT ae t = 0 &; o = V/R.

dlcshles FUMT @ledst - V, = V (1 - &R

dichias aTfetel &ic, i = lo.e™RC

A, YU HUfex cglecst 0T aTfoler sieedr Faurar dasear HeHicel
3Tel@ (graph) QTelTeg#A0T AT,
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W,
[ g aw
.--l-:;I /
& 063, — NN
[ ol lod] diego
& .
5% ; | | :
U, T IT AT aT ST tfimer
o
Lol P
<
E ATfaaT FAE
% - \
3 1 t t T *
iT T ar AT 5T timar

3Tt 3.8: FARACY Sgieesr OT AT FICTAT HAUTAT HAG
STESTHT T8H Fleeee (Time Constant) dled Sial, Hafdetar fafkse Hearada
QIgIIuITATST SIPIUTRT ddd dTedl.

3.4.2 Fufexa BEmfoir (Discharging of Capacitor): -
Grellel 3Tl shuffeTear SEarfsiorardrd Hithe Haarlel gr@dd.
FUfAETaR e e g 3rdar.

[“18
.g./
2
01
-

t=

s R

0
HcC IC +
ok - Ve

et 3.9: e e
t = 0 R aw §g FeAd, WSeeraAys 3t Fie arg @i, Bearer sied
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feem =nfSier sicear Gd=ar Avey 3rad.
del,
V = f3Ems auagdl #af8et™ sglocsl. #7g0lel Ve = V - - - - - - (t=0x)
SicgT T de (close) hell SiTd, degT fSEATiSlT s arg oerar JMfoT Huffiex sglocst
I HAT gId. HT,
RS BEafeer et = 0 & I =
dicahdd hufdel cglecol - Ve = V . €
dicies feEaforeT e | i = lp.e'RC
ATHSS, 3TAUTH HUfHeT cglecst 3nOr =nfSter aicear deuar daear Hesiide
3T WlelegATor AT,

SRS

RC

i G 1 2t 3t -t
aoesd |0
FXeAT dgd
VIR |
HUTFear axc Ic

3MHet 3.10: FBEarer FATT glecsr HOr Fe Irear FauTET Ao

3.5 IFH33eT cglecsT ATOT SUSafdeh Teod (Breakdown Voltage and
Dielectric Strength):
3.5.1 §&s13 cglecst (Breakdown Voltage):

HATHCTT Fhs3e clecsl § HUTHAT TATHAT o] Shelel AT THlec
FEUE IRHANA (define) el ST SARAGAR SRISATaeeh HRIT T goard
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&aTd gl
3.5.2 ssdfFecd Ty (Dielectric Strength):

HUTHCIT SSeliaed Tood g hUdeld SSdided AT (ACRITe) 3raaeit
(ERTE) o BlaT cAredmiiadl feepel UF ARUIR SIEAIT S Sglecst FEUA TR

el SITd. TT Sglecoledal SSeaceh HCRIA W 83 oeld AT Hufdex HemEr
(fail) 813 T,

3.5.3 szdfFead Tsyay IRUMH FIOR R[AfAY ged @ifeayAmT 3md:

o JUHATT (Temperature): dM9HATT dlGel 6l SAScligcd Teod HAT gld.

e 3iITar (Moisture): STHSIET 3eIaT dled! dHdY SESAges Lo HAT gid.

e ST (Thickness): STl SR dled dOdY SUS{deeh Food dled.

o T GeHATART, STSATFCH T TleTAT ISR 0T & ThaaY (size and
shape) @Yol 3Taciss 3Hd.

3.6 HIRAe 39AT (Applications of Capacitor):

AT JHRITEAR, WIATATTATON JaTdIed 3TN e

o TR (Air) HUfAT: - ST ReflegraALy cgfeierardy (Radio Receiver Tuning)

e YUY (Paper) #ffex: - 3N (D.C.) diax TeamdaAed fheex (Filter) FA{X
FER.

o FIH (Mica) UTHCT: - 3T cglecol 3UIRNHTS, 3Td Thadedl (Frequency)
23 ITHETaTdT.

o fRMAF (Ceramic) FUWeX: - 3= Fleesl IYIRNAS, 3T fherdar I3
39IREETST

giell @refaic (Poly Carbonate) $Uffe: - 3Td cglecs 3UINNETS, 3T
rardear I3 IueardT.
golergiense (Electrolyte) affiet: - fheeRerear (Filter) 3ecermat.

3.7 di (Battery):

THIET 3fUE Few UwARRN Al fFar FAfRer Sigd dedf AR g,
AMollear AT Jofedr Fadurd fdegd 3ofedl HIGauiard arlel S 37for
fSEarsl T O Aodeeal THRS 3ot [degd SAAed FIaRd Hid.
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T T TR 3TdTd -

3.7.1 YA fhar AfT-Rarsfaer (Primary Or Non-Rechargeable) 9+ :

ST ALY TARAS FodT TUT Foll 3Uaidd TTSdell Siid, ATl
ey fhar AlA-Rarsfael Al 3 FguIdid. o= (Leclanche) ¥d, ieh-
FRIoT (Zinc-Chlorine) Tel, 3Tehdigad-Haleol (Alkaline-Manganese) 3, H#ed-
TRs (Metal-Acid) Idl & TRHHAT dold YR 3Ted. 3107 37T Jodod Seloiedl

3.7.2 AFs{ fRar RErsfaer (Secondary Or Rechargeable) @« :

ST ALY §E 39T TEdrar (External Energy Source) amdR &ded
TIRIS 3T TTRUTT Sl ATddell SIid, AT syl fhar REmelad I
3 FEUTAI. oli3-Ufa3 (Lead-Acid) Td, fAdha-ssf@aam (Nickel-Cadmium) I,
faher-3masT  (Nickel-lron) &el, fa%her-B& (Nickel-Zinc) e, Ahar-gragiela
(Nickel - Hydrogen) @ieT, diél-sied (Silver-Zinc) del. d¥@d 3Td dMIHTAT]
a0 o fff¥® FeRSs (Lithium-Chloride) @, fafd@er @ewt (Lithium-
Sulpher) ¥, Af3IA T (Sodium-Sulpher) T & AHhsd fhar Rarsfad
Jeld Yo 3T

372 YhRTAT Boda Teloledl scdial Jhsdl fhar Rarsiad st Fgourdara.
3T 39T s-UfAs Sedam 3w &% .

3.7.3 N5-URAT §cfl (Lead Acid Battery) : Wreilel 3Mepell eNs-UTAs dedie Toelm
gad. <ITId Wlellel $A1ET 3EdTd.

e &R (Container): & &8 IR fohar talffce FRIGT Fefolel 38 30T Sedrr
AT HET AATGS EeT.

o TolcH (Plates): @l 39ANT Scddl &TACT dleduarard! difsifecg 3nfor fsifeeg
TCH TSl HS Th (Alternately) S 0T Segolc HIRIeeaR TehAhargsT
[EEESECTCRIE I EET IR IGI

o UMW (Separator) : TolcH AIMed IUIMATS!, 3 iR (internal resistance)
HHAT PO IOT AT JATUATATST AqTIRedT ST &R fiedell duex
FEUTdTd.

o il :egl (Battery Cover): oo TG HUICHE Ales holedl g5 & STholcl
IAHdrd.

o Sogcionsed (Electrolytes): @IS ol ATGAUIMATS  aTdRedT  SITOT=AT
Tarafae graumelr (solution) Seldcleiscd FgUIAIT. 3¢l. 1&g (dilute) Hasog
(TewRe TRAS) (Sulphuric Acid).
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e Ud FaA«cX (Cell Connector): 8T Teh oS ANUTAT (3feelld) (Alloy) Mg, St
HAifelohcllel ol SSUATATSN aTIRell STl

o Ao ciHweH (Cell Terminal): § ofis HERITY Felelel A FolFcISCHD BIVTRT
ST TTBUATHTS! AT, ¢ alel TATeH 3T el ol TSI A, dlisiices
efAToad ot o1 R Fafecg fAaaardr e 3T araTar Srar.

X

WELTLALY

WLLLEERLAR
ARRTRAT AL

]
A \,, i
LN AN ERRY

WAL

et 3.11: Az TRz ded=h e

3.7.3 iz TRZ Jcf F (Working of Lead Acid Battery):

g e arfSter Ag 3T fSEafeier Al 3l gl JoRAT 3med.
3.7.4.1 =ifSter A (Charging mode):

3l SEAATIATIT H,SO, Soecieige HIRTS FgURT arlel Siid
HTOT os=m (Lead) @R TAls (Anode) 3MTfUT &dUls (Cathode) Soiegls FgU[H
el ST

58| Page Maharshtra State Board of Technical Education, Mumbai



Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

el FROAYdl, dedl qUIIur fSEarst 3aEdd A, H.SO, Soldcieseatd
faedra grar 3nfor Q@ Y07 grIgiete 3mael (lon) (2H) 30T Wethe 3= (SO4 ) 314
IS shel ST,
37T d.c. TCAT ALY SATAATIATI SISl 318, FgUTS Uailsell dilgiiceg HCelld
3O dhiger fAfeeg T Shselell WAl AHS RAZISH 3 (2H") HUlshs
ST 3T0T Hothe 3T (SO4 °) TsAlgehs SATdTd.

A THfaw AAFAT (Chemical Reaction on anode):
SIegT IS Tothe AT (SO, °) TAswid digradr degl af T gl Solarelel
UAIgay Asdr 3Mfor ar SO, #AET FATART gidr.

S0,~ - 2e = SO, (A
SO4 + H20 - H2504 + 0

HUEa TERfAw FAFFAT (Chemical Reaction on Cathode):

ST Solggld Hewhe A (SOs 7) E@RT UeAlsak W Sielel gld 3Mfor sed
AL Jard s FABaT Ngdel Bld. T Soidcled HASH Tgdcledl e gragale
HE (H*) Hied U HIda 307 3120 YR g1agtelel 3 (H*) gragtelel arg
doldld.

2H* + 2e~ = 2H
g1 grIglolel arg %ells HACRIS (PbSO,) HIFd Wiellel HHIAIUNA gr@del 3Tg,
ATYATOT RUFAT HIAT -
PbSO, + 2H = Pb + H,50,

3.7.4.2 f3Taifster Al (Discharging Mode):
Siegl dedl qUIYOl ATel shell S 30T ded effisfedial Fgurata Uslls 311701
HUSAT #is R SIS 3Hd, degl ForgRer U5 (H2S04) & grgiele 313
(2H) 30T Hethe HATIA (SO4 ) ALY FUAR 8ld. dAdX grasialel 3T (2H")
UAISehs 30T Hethe 31 (SO4 ) HUSHS T oI
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Mt 3.13: deft BEmfsr A

YR THfAw gfafear :
SISET Ucdeh Fethe 3T (SO4 7) HUSTId UIgiddr degl o HTell g fdeargATor
aleT Felarelel S,
SO; ~ - 2e = SO, QERR))
IT Hethed! HUs ANTS (Pb) Hidd Ruaerd gla 3nf0r &g dethe (PbSOs)

gd SIET ET 96 38,
Pb + SO, = PbSO,

T Foleied § SEd olls R AYA Yo Hieed Uslsehs Silard 30T gragreiel
AT (HY) Aiad RuerersT #drd.
TAIsaR THEAS AT :

Tothe T (SO4 ) GaR HUBHR I Foidclel Gl FTdld, o ST HicheAt:d
TaAlsTar el 9ard adld. Sicgl Yo gragielel 33« (H') UAsudd digaar, degr
d UAISHEYE Teh goldrelel Hll 30T gragielel dry Selcl. 37T YehR gragielel 3MdeT (H”)

JREECICIPECEEICE
2H + e~ = 2H

8T el FTelell grIgiolel a1y Ualls HERIS (Pb) Eec RUSFAT &l 30T
PbO HEY FUIR U Hed Fdl. § PbOY=gl H,SO, #E RUIT &&= PbSO,
dIR .

IS Sl QUi f3Earet gl
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3.7.3 qUT 9T HTeledT dedidl «&Tor (Conditions of Fully charged battery):
Sl qul <1eT STeaTd SRIUIR gl Hehd WTelTelSATOT 37T

H.SO,dr Tafdfthe FEEr (specific gravity) - FAR 1.25 & 1.28 SR 3Maasat
e Tglocol - 2.2 d 2.5 V 3d% IHedd

AT P (gasification) feFeT Adra.

gifgifeeg Tole 18e dufhdl dad 3for faeifeeg woie ®&e & (grey) &id.

3.7.4 ¥<uT@ Fi2Ud (Connections of Battery):

dc=ar A 9 SEedr I3 2ehdid
e TIRT Faae T

o THTAL holoreled

o UIRT-HHAIR FalFeueT

3.7.4.1 RS FAFAT (Series connection):

12 Volts -
Battery

T12 Volts ~
Battery

MFet 3.14: dcft €N FaAwerT

3Mehclt gr@ad @ 12 V, 200 Ah =ar 3 dedl Aifeiehd SiiSeledl 3Med. Selief
Afrhd SAISeedl IHAHSD, AlsheHLs agu] faegdgare TA T W T
Blecsl Td cglecodl adrel 318d.
FeUld,

Ve = Vi +V,+Vs = 12V + 12V + 12V = 36V
3TATYFHR 34T AR (conclusion) FIGAT I3 Adhal dT AT cBlecsT SIEd
IGAET RS FAFAT TR .
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3.7.4.2 HHIGT FAFAA (Parallel connection):

3Mehcl grgad & 24 V, 200 Ah =IT 3 el AR Siseedr 3gd. sSedisl
AR SAISIedT T, HYUT AlheAtd cglocsl THTT 3T T FeTdT (THUT) UK
gia¥ (ampere hour) & ¥d 3IA3R glaidr sl 374.

o+ -0

24 V

=~ TN
t 24V -
Battery

M e ———— |
Togq v
Battery

T e e——

+24 V -
Battery

3Tl 3.15: d&l FATA FaFea

FEUL,

(24 V,200Ah) + (24V,2004h) + (24V,2004h) = (24 V,6004h)
FEUIA AT TSy el S5 hell Sl SegT fdegd TaTe (1c) Sied 3MaRdsh

3ITAr degl dedid AT Salaeled aadel SiTd.

3.7.4.3 WIRST-GATAX FAFAA (Series-Parallel connection):
48V, 400Ah

- I +
- + -+
24, 20040 24V, 200Ah

T [
248 2004h 24V, 2004h

et 3.16: delt HNT-TATA FaFera
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3Tl ar@ad T 24 V, 200 Ah =T 4 Jelt ARS-FATCR ALY Siseledr .
dcll yuAd: ARGHEY Siseledl 3T, THUT Glocs dled JMMOT Fal o Hreld
(combination) HATARHALA SNSel A FgUT oy 3R glaw &t #d 3R
gIaRTAT SRSIYHATOY aredl.

TR,

24V + 24V =48V
3mfor

(48V,2004h) + (48V,2004h) = (48V,400Ah)
FEUL FHTET 33y (output) 48 V, 400 Ah 3Tg.

3ATHR 3T fIshY FGell S3 Ahell T Sicgl [degcvarg 0T Sglecsrdr
3ATHdT SET 3T, degl dedd TIRS - AR Fealsd aralel Siid.

3.8 39T (Applications of Lead-Acid Battery):

oz UfAs e @reliel YIRS ariRell SiTd -

o Safdcarel HIER fohal FHREET (industry) fohaT BRI (domestic) &AL
qish ollg FCallT FHIUIATATS,

o FR, FHH IJAREAT Seolldchal dTAUNAT dlgATed  (electric  vehicles),
3CARMATS Seday ATOT=AT ATg=THTor.

o 3o FHIA FUE QIUTSATHTST.

o TNERT 3YTIT.

o JIgTHLY FCITCITAT (starting) 3Egera.

o Yoo f@aAfeT (railway signaling), & osfeaT (train lighting) 3.

o cformia 3nfor cforanfiee @,

e U.P.S YuTrelr (system).

Taeqdd« (Exercise) :
[1] FATATETE sTslfaed Tood IRANT T 0T I Teheh AT (2M)
[2] & YR SHuffeX | 30T Jcdhrd U 3610 &ar. (2M)
[3] IS Ectcar AT =rfoier 3for fSEfoier I SHIoIrErd! JAEmEr He-319

hlel, ITh hlal. (4M)
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[4] Geh 3TTehcedl Hecllel HhITHTHLY FodeledT Sotd HHARIUT Flal. (4M)

[5] e $URAeT A, B, C o $uff@ewd 33 10 f, 50 f 3nfor 25 f 3mgd. &
Grellel ATRRAr e : (i) 250V EId (source) AlTd AR SiSelel AT
GeAehra et fohell ASer (ii) Upor Hufficed el 3@ ? (4M)

[6] SSildeeh T 3UT SHs3 calecoredl el AN, (2M)

[7] SR 200 V T=IT 4f, 8f 30T 12f TIT 3 HATHITAT ATAY FelaeI<dT Hadr
] hel 3RS TR Tcdeh HUTHTALT AodeledT Sofdl a0 . (4M)

[8] ShaffeT=ar $ufficeHat IRUIMA FUR IR ©ceh FEEH Hll. (4M)

[9] TTSIIT c@lecst 3MOT e AT ATH Flal, IS Tl FHIFOHEA forgT
(4M)

"eI uTeaqEa® (Reference Books) :

[1] A Textbook of Electrical Technology Vol - 1 - B. L. Theraja, A. K. Theraja

[2] Basic Electrical Engineering - V. N. Mittle

[3] Basic Electrical and Electronics Engineering - Jegathesan V., Vinoth
Kumar K., Saravanakumar R.

[4] Electrical Technology - Hughes, Edward

[5] Fundamental of Electrical Engineering - Hussain Ashfaq

[6] Fundamental of Electrical Engineering - S.B.Lal Seksena and Kaustuv Dasgupta
Part - 1

HecaredT 3uged foiFd (Important Links)
[1]1 https://en.wikipedia.org/wiki/Capacitor

[2] https://www.electrical4u.com/electrical:engineering:articles/#google_vignette

[3] https://www.slideshare.net/ChetanPatil396/basic:electrical:parameters:basic:electrical:

engineering
[4] https://www.britannica.com/science

[5] https://en.wikipedia.org/wiki/Magnetic_circuit

[6] https://en.wikipedia.org/wiki/Electromagnetic_induction
[7] https://youtu.be/XT:UmPviH647?si=MLIZBB5BgOA2SWBk
[8] https://youtu.be/M:QfX2fvppd?si=xpZDAiX3:_7xrnnr

[9] https://archive.nptel.ac.in/courses/117/106/117106108/
[10] https://en.wikipedia.org/wiki/Electric battery
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e - 4
qIhT AieH

(MAGNETIC CIRCUITS)

sy Asu=lt (Course Outcome) :
Hidfed Tfheaaed HIaATeoTadr ded aTo.

(Use Principles of magnetism in Magnetic Circuits.)

geah fasgel (Unit Outcome) :
41 Heafesr afhecadr Tafda dmar 72 omEr.
(Interpret the terms related to magnetic circuits.)
4.2 feoiear Hidfewh Afhcaear fafay qusica=dT omEr .
(Calculate various parameters of given magnetic circuits.)
43 fdear vy 3merRd @RS 30T FATR Hoeifesh afehedr Jefer .
(Compare series and parallel magnetic circuits based on given criteria.)
4.4 eoed HIARS ACRICHATS! M- Heg MU REIAH o[F Tolle .

(Plot B-H curve and hysteresis loop of the given magnetic materials.)

g™ (Introduction):

goifdeh &ic (Electric Current) g ST faegd FfAIif¥frar (Electrical
Engineering) Hgcardl [T 3iTg, dOMd Hidlicedh Foldd 3MMOT AT AWMl Haslfeeh
gishe g7 of@er = U JAHTST AT 3. Solface dfehe (Electric Circuit) 3o
Hedh e (Magnetic Circuit) § ThA®R [Teh 3ed. SATFCAE TIRN HITATHTS!
Hicifch Torrddl MaeThdl AT X Solidged e Ydligd Sedla]  cIreardiadr
Hideeh fhes TIR gid. FeUM Selfercehel Siotaiiier (Electrical Engineering) =T
3FAT HIATAT HIATCh Afehedl HFITH FIOT hAdTed .

4.1 Fgeard AgS (Important Terms) :

4.1.1 #aafews fes (Magnetic Field) : Hide<ar Maare™ fhes, SIMHEY Hodedr
TG IIHAT A, T HIelfesh fthes 3@ FgUTATA.
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4.1.2 HIAfeH aE=w 3T B (Magnetic lines of force) : HixdeHladr fFaRa
ddoled] hledieleh W= (imaginary lines) #IdAfesdh oiged 3% IR FgUTAId.

4.1.3 H7AfeF Feaw (Magnetic Flux) : #Hiofewh thosdlel ThoT Hadlfesh dsed Hh
BIRIEAT AT HIGICh Foldrd FEUIIA. ¢ ¢ @R &didddl Sfd. & Iide da’
(weber) 31T @ Wb gaR gifdel S, #guT 1 Wb = 10° olSed 3ii%h I

4.1.4 AIAfed fhes e (Magnetic Field Intensity) : #Faafes hesTar HoTcaEr
fSigaR TohT giote 3T GieieaR 3Tg3TacaT Aeledl BITAT Hicdlieh thes Sefeadl #gurdrd.
¢ H g@R exifdel SIid 30T < gidle § #gea W a9 (Newton per Weber) (N/Wb)
fhar 3R W #HeX (Ampere per meter) (A/m) fFar FRBR &t W #HAex (AT/m)

3] AR,
UM, H = ﬁ.—aﬁaﬁ: % (AT/m)

4.1.5 HiAfer Fadw 3fdY (Magnetic Flux Density) : Folddoll oid &l Ui
gl &TTthaslclel Felehaell T Hiofell S, ATl Hosliceh Ford Sf~ddl #gordrd. ¢
B gar gdifde Sd. —ard Ifde dev WX F@a3R #Hiel (Weber per square meter)
(Wb/m?) fohar e¥erm (Tesla) 3TR.

4.1.6 9 ¥&T (Pole Strength) : Halfew QelHAY ST USUMAT HeAfesw Forardel
diel 9T FoF 7M. § 0F e Adafed GNaALd oTad ol S, Th e
HIATch ALY Ueh Jadl Uil TS 3.

4.1.7 qfFwfafadr (Permeability) : Colcam ARIHALT Hodfech Toldddl Ydlled
gIellG, ScAG Al IiHATTaTelel S 31T d ollehsTdl iHATiaielel Al 3ad.

g @reiiel 9k 31 d
a) Tealege qfarfafadt (Absolute Permeability) : Sgg# (Vacuum) fohar gafRiara
SR PRl fafdse ATATdT Haodifcd Fodd 3faer (B) 30T Hedfewr fhes

gefead (H) g oneirer Usdlege dffanfafady #goraid. ¢ e 3R p ganr
gfaer I,
B
= L= g
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card giAe golt 9 e (Henry per meter) 3¢ o % o gfdel SITd.
b) Alwwar s gfFafafadr (Permeability of free space): sgarg# (Vacuum) farar
gar a1 AfSFAAS Aol Fodd sfadl (B) 30T Heafea fhes sefeady (H) arear
TUNRTCT FieheodT SErET fohar cgergaen giFanfaferdl 3@ Fgurdia. & de 38R o
gar i .

AT Hed = Yo = 4w + 107 A et 3¢
c) Refeeg afdffafady (Relative Permeability) : 312l aRTEIdT @A Haaerard:
T Heodl S Hidfed Ferrd 300 (Bo) 30T (fargA fohar gafRiam)
OIS TECHT AEATN S Hidfeh T sfadl (B) =ar qunren Relfeeg
gfFfaferdT Fgordd. § e 38R, g@nr geifder Srd.

U, UI = % (H & #eT dAT 31dee)
d U 3T, d FfAead (Unitless) (Ifaeigd) 3ie.

4.1.8 y, p 30T po AEr waY

3IITT HIfgdl 311,
aRqut afRE -
B
Pr= oo (1)
3107 Alehear e gfAATfafeer
BO
MO = — - - --- oo - )
(1) 30T (2) ¥ IUIR YT, e A
B B/H
w0 ~ BO/H
FEOLA
no B
uo ~ BO
B _
o B0 M
FEOLA
B
T
=T p = po.ur
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=L, H=Ho-- ----- (3TN

4.2 HAIAAAeeg B (Magneto-Motive-Force) (mmf) T 3R &
(Ampere Turn) (AT) :

Hiafcr Thesaed Hutd Foa@ear RAFITST fhar Feorazar vagrarédr
3R ITHUTAT bl HiclelHlieeg BIE (mmf) FEOTAT. card e 33N 8
(AT) 3TTe.

FoleT, mmf = N * |
4.2.1 @FeH (Reluctance): HAeHh FelFrd<dT YAIETT BIUIRT faer, Irg Rereed
FGUIATA. g 's' o geifder ST

IO TSCAT O 31| STFd vl ST -

l
S = —
L. a
S, | = HIATeH Afched! el (HIeIHE)
a = HE AU TRAT (He? ALY)
p = gfFafsfed
qoT B = p0.pr
l
U, S =
o po.ur.a
M giAe IMUIR Tl W A 318 (AT/Wh)
Rerercadr earear 3l SEI Fhall S3 Uhd FHI HIdcANCeg B 70T Hislfcdh Folard
(¢) T IUTRIST Refacd 3 FEordra.
U,
_ mmf
5= flux
quoT mmf = N.I
s= — (AT/Wb)
¢

4.2.2 RaFdEEA (Reluctivity): FaaTeeh Feldraedr YaTgTell AR HUITAT A RIerear
&THAT (ATUTHATAT) RAFCEIEIET A FUIATT. dHT ASRIITAT HIol[cah Seaareled TTOT

9

Hasifesh Whes eiowel I AUt FgURTET carel Sg1&dl shell STd. oA giae H
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4.2.3 uffia=w (Permeance): & HaT Heslfesh RorercH=ar [aeey 3¢, #UET oA

AT 3R Shell ST 1, Reforeq™ faveer et Irema 9ifigea 38 #gordid.
Al ST 3Rl WS dell ST3 Ahd AT AT ARIAAYT Hoafcsh Forsraan

UdTg HIUTH GITTel Il ACRIe=N &1Hdr, Iy ufidesyg 3 FFUdid. O

gﬁt Wb/AT 31Tg.

31 IUEY gy 80 THY 3MTUT g TTAd TRAT 10 m? 3T Tl A@sr Raraw

Ush AR THHA 500 el Isiadelell Q. R RaaAed 1.2 T o vod gelal dc

HIUITHIST 37TaRTH 3T faegavare AfRad . s@s@mdr p, = 1000 R €.

ser | = 80 WY
A = 10 §#P
N = 500
B=127%
ur = 1000

T (step) 1: mmf = IJ0TAT HA
B
= u0. ur

b 1.2
"~ 41,1077 * 1000

FgUlT H = 954.9256 AT/m

3ATAr mmf = Hxl = 9549256 x 80 x 10 — 2
= 763.9457 AT - - - - - --- - ()

T (step) 2 - - - Fc AT (1) -
AT, mmf = NxI

__ mmf
T I'=—=

/= 763.9473
500

FEUT | 1=152718A | ------ - - (2)
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4.2.4 HIAfed Afhe (Magnetic circuit):
HIeh elordiell Yalfgd BIUAMATS TS 3HeledT HYUT dfeed AElfiera

(closed path) #Hicifesh @fhe FEUMIA. Wrelld hcaiALy  AfdcayAT o
3T, dJBPN SCAGIIRY AaTdaTes TR 3 Ahelldl.
[ & ¢1 B2 e e

........................................

—a—] 4,3
N
3MF 4.1 (a) HRAATHA MHR et 4.1 (b) TIBHR IHTHFR

4.2.5 "@ffy #afes wfdcw (Composite Magnetic Circuits):

Hiafesr Tfhe STHY et Mot gfFISoE rar e Sig-gaesTed TR f&har
Rt |ET 3Tee 3 Hidfeh ACRIT T ITAId ITaTd ATHA Hislfedh Afhed
38 TG, Tiollel 3Tehell et SIF-GeeTer TRAT 30T et 3racledr afay
Hedfesr dfdhed 3aeior gifad.

HFA 4.2 AfAH Aafes affew
TRy Hafew Tfhead Wrelldl YR 3R -
a) TN (series) HiAfewh Tfhed
b) THATR (Parallel) Hiafew aféhed.
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a) HIRsr AsAfes afdeca (Series magnetic Circuits) :-
SicgT AfA Hesifedh Afchecadr Uhd ART AT degl oJrell HIRST HadAteah
gfhe (Series magnetic Circuits) 3/ FgUTdTd.
@rellel 3Tehell 8 ool 19T 3Holel HIAN HAaafesh Afhe gqr@ad STHEY pi, po,
ps 3 et qfAASferdr 3raelel il #1T UHANRT U Siiseldl 3ed, oo
ARGTALY ANSelel 3Med. AT AR 16T 14, Ip, I3 3720 3778, dX 816 a4, ap, as 3Rd.

FHS,
N = $RT A ST Hiseledl coadT &
E = A% cglecot (Supply Voltage)

| = SISIHAY TTEUIRT TdegTvaTg
JR dIR STl Tl = ¢ 3o

FgU, ST =Sy +Sp +S3 -------- (2)
HIeATehs Relercae HAHd THIHIOT 38 -

l
§= —
L. a

FEULT FAHISROT (2) 319 Bse -
11 12 13

s = + + — ... UhuT RerdFead FaTehor
nl.al n2.a2 n3.a3 °

32T TR THUT Hichewl Neferdq &1 AT A Referca= alisl 3Me.
CATIYHATOT, THUT mmf Me,

3mgung Agdr 3me, mmfr = N.I

aad, mmfT = ST.

quT sT = s1 + s2 + s3

FEULA (mmfHT = (S1+ S2 + S3).¢

2N
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(mmf)T = s1.¢ + s2.¢ + s3.¢
IITT AR 3Tg &, mmf = H * [
U, (mmf)T = H1.I1 + H2.12 + H3.13
b) ¥HIGY HIAfew AfFHe (Parallel Magnetic Circuit): - SicgT Haalfcwr Afheasy
FAFEA URTIETT ST AT 3TATT degl ATl THGY Hoddfes Tfehe FgUTATd.
Grellel HThcll FAT HIfCH Tlhe qr@ad. AHED 3ThA |y, I, I3 3R ey
3¥eledT diad e ol (Limb)-1, foid-2, foid-3 314 HET 318 d.

(it difeiininnin Gnnink il
1 i
sol T R 53
|| Swmes I :
4 = 1
i l—e— Tt i
| !5 !
| ¢ =
----- P o e 7 s e e

IFAAL, fofa-1 ALY FoFd ¢ AR, IO Neacasr Sy 3Me. Ay f&F-2
3T foie-3 mﬁW(bzm(bgmmWSz, SgHQﬁﬁ'aH’éﬂaﬂ%.
HIT UHUT NoleFedd FHIAIUT IRMIHR Gt S -

1 1 1 1
—t =t - (1)
ST S1 S2  S3

FEULS, A9 AP Thesardl ReledcHd FHAAIOT 38 IS
-1 =

1= [1

5= w.al
fore-2 =

5= [2

54 = L. a2
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1 1 + 1 1
ST 11/p.a1 12/p.a2 13/p.a3

1 pal + p.az2 + p.a3
ST 11 12 13

4.3 AARSF IO golfFes Wikcwareher qo=r (Comparison between
Magnetic and Electric Circuits):

gelfdger Aiehe 30T HedATeeh Aithe Jeraeredr Yo[HEY HATT 3MEd. FHrar
IEdd AT e dX Flal die9did G 378,
4.3.1 Aifew ot gaifdesd wfhcaatla @AW (similarities between Magnetic

and Electric circuits):

FTET FHATTAT TETTHATOY 3T,

W ® | wwhe sof¥es wfée Fafw afee

¢ | egrET faega vag aTge AoT=AT HIdeh Foldd arget Fom=ar

~O

gfhear safdes afdhe gfhear Haafesw Tfhe

FUTAId. FEOTAT.
2 | srafeger EMF, MMF,
BT gfAe (unit) sglee (Volts). gfAe (unit) (T (AT).
3 |vaE faegd vag (Selercia). Hisifcd Trererd.
4 | R g, Rererea.

73|Page Maharshtra State Board of Technical Education, Mumbai



Hqesa faega AR : 3e3¢0

Fundamental Of Electrical Engineering (FEE)

5 |dEar gHE | Aeedr 9 0N Ideesd AT YA Refded

qrer. area.

6 |Pa-TFd | I Pra-aarreTd RelaeT Hig-QauTd
TRITar TRIATAT & YA 3. | TRIATAT Sa&8d JA0NT 3.
S
I[oTers FEUTST hsFed. FEUTS WA,

8 |g7 Fe () = Folehd ) ) =

3TATE / e = THATATE [/ Reegeq =
(emf / R) (mmf / s)

9 |om UIR | faReihar aie Id (KCL) | fansiihar Folerd foiaA

IGRE] Kirchhoff's Current Law Kirchhoff's Flux Law
fpaThar glecs TH fraTear THTATE MMF
(KVL) fag# Kirchhoff's MMF Law.
Kirchhoff's Voltage Law.

4.3.2 HAfesw 0T gofFesd WiheaAda rAATAAT )Dissimilarities between
Magnetic and Electric circuits): &gl JTATAAT WTell9ATOr 3Ted -

TIHATATER T fRia

el gidl.

. &, | WY sdafdecd AfFHe (Electric | Aifed wfhe (Magnetic
(Sr. (Parameter) Circuit) Circuit)
No.)
1 grEdide 9dig SolFeiTdl dEdides Jdg | Folergdal drdide 9dIg gid
AT grar.
2 | d9AERT gee | AT PR 3ar ' | Rewcd g1 v

Sfadrdiaa aao e

ATIATATAR Feeld =iTel.
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3 | 35 3maTear

o

[dedd Jalg ddd dlef

SqugrETdSr 3o

Foldd AT FHROITETST ST
EeTh AT W Foldd

HTAeThdT 3TH. TQEUIETST 3odl  TaTehdr
Jad.
4 | JSeEy gike fdcga dsegd dffe | #odlcd Fogad dfhe AT

SO

SAgHIATST dfeEd (closed)
GIHG]

dfeEd )closed) 3add

4.3.3 HIARSF s (Magnetic Leakage): Feaifesh Tfhegar TR §IUIRT Folerd alel

ALY QAT JTar -

a) 39gFd Fererd (Useful flux)
b) elieha Felard (Leakage flux)

a) 39gFd Feldd (Useful Flux) : #adfesh fhesaed 3uecletr Hoaifesdh woerd, ST
39T 3MAaTd 9T AT FOATEIE el ST, ATell 3UGeFd Felord FgUIAC. ¢

MR-CEE-HIECRTIGIGH

b) efi&sT woFq (Leakage Flux) : 3ol TYUT Welrd &1 3UPFcd Folrd el
qIfgst, T R FoRE U AFNUGS ITEUTTA] S HAICTAT ALl o

FIATd, il clichel Folerd FgUIAIA. § ¢ GaR gAfdel JTdrd.

FEUL, URUT Folohd = 3Ugerc Felord + oliohol Foladrd = ¢y + §o

HEEUTWd)T
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AHS eliehal theFeqell SATET € “UhUT Teferd 31TTOT 3YYFd FAFHT IUMTR” FULA
ol ST, T oliehol I-3MHRATT (leakage coefficient) fahaT grafheaea w1-sfhfAc
(Hopkinson’s Coefficient) 318& #gUTdId. & A (ef#s3T - Lambda) gar g2ifdel Sird.
gD -

S

N i L

5‘4%‘1’(1 Yelard du

AT Y Hod 1 =T SIS 318l Uifgel. W caragiRepesedn o aAgHr 1 uaT
ST 3. GARTIA: d 1.1 d 1.25 SI&TT 378,
flchol Foldrd Wrellel YGEIcilel Sl shell 13 QAehell

o HICH Tl HAT Thdel.

o HIITAT HYUT Wfielie IS A&t

o g fohar urq AeRIer Rerada Falt F%T.

4.4 B-H #c¢ (Curve) fhar #AeaeraarersT (Magnetization) #eg:

Forrg 3feaer (B) 0T Hosifcd fhes Secleder (H) IIm ey Tolle hoeledl
3TO@Tel B - H aheg fohdT Heclerdaiee sheg 318 FgUTdld.

ﬁaﬁﬁaxﬁms;ma,ph%

afer s v 3w B =2

Y, HaAfewh Felard STHE (B) 30T Hocdlfesdh Wos geel~adl (H) alger fdeged

JaTgleR 3deigel 3. IHS B-H ®eg Icd suImamd!, @elldl Yriifaeh de-31
qIoRel SIS 2ehd.

B-H #cg 9Ied HI0ITHTSN WIAfAe WEIHT (Experimental set-up to obtain B-H Curve):

PIA-OFAAST TRAT 'a' 0T TUEY ofier (1) FTelell ar@ar Rar 37T 'N' 5d6
T 3T Hiser (coil) AT eI HEIHT G, Il dGUIRT fdegavare ‘' amp
3Te. grefAiH eT@r (Potentiometer) aX &ic 'I' ALY dgel HIUIMETS! ahell ATl
Forehd STEEE (B) MMUT Heclfedh fihes seefowdl (H) alegier faegd acar Haoigd
AT, I deelsl 30T Forq sfeadr B 3for H =Y faffie=r (different) Hed fAaq
Qrehdl.
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3Tl 4.5: B-H Feg IIod FOIAIST IAIF Fe-319

B-H #ee:
Felerd SfeHer B 30T H =1 e (different) HedTAYS, TToATel Wroitel
ARG Heg Al AT TTATATATIT IR AT 3Med .

At g Hgvere R

;

E__ (=

E Perer

E s/ R o

L

HAiafewd fhes s=efamdr H (AT/m)

3Tt 4.6 B-H Feg

a) WRer fag (Starting point) (g O) : YR FAE, HISAAY aAEUINT fdegd
e YT A, FUT Ty STl B 30T Haclfeah fthes geefower H, aleel
T 3. AHS B-H Fheg 3RS (Origin) 9T & gial.

b) IR+ R fhar ATd-fAaT RS (Initial Region or non-linear Region)
(O-A) : IT YT, Hiddlcdh thes Seciodel H daet dled R e sfeacr B
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FRER Saold. Y fdg A & AT (instep) 38 FFUTATC.

c) ALy Reer fhar AT RSsT (Middle Region or linear region) (A-C) : &
HIIT SFTddIH TS I 3¢ FRUT Feldd Sfowcr B 30T H HEY FAT Jeladal
deol §i3el YIS aTe Bid. fdg 'C' UNEeT @heg &1 <ol §IUU F&ald gl FgUT
carer st f4g (knee point) 3/ FEUTATd.

d) ¥ Rerer (Saturation Region) (‘C’ @eR) : féig ‘C’ ey, ST ‘H HEA Ao
deel STl TR "Folehd STowel B' AL 3iTdH dgol gua Sl Mg, Theg STadoldcd
X 3T FHICR I 3718, 7T el YA g 318 FguTdrd.

4.5 HIAfewr BEeIAT (Magnetic Hysteresis) :

Forrg ST B d Hed doldlel H =T Hearedr ARl [guarear #eRIerear
IUTEHTET Honlfed REATE Fgordrd.

4.5.1 REXIRAT Fo& (Hysteresis Curve) fFar R¥IE a7 (Hysteresis loop):

Hodifieh  FiheAar fdegd  ac  dleuaredl  9ishdd  HIGc—ore
(Magnetization) #gUTdld, R fdegd e FAr gluaredr 9fhdd AT
(Demagnetization) FgoTdrd.

SR 90T wifstied (Positive) f&Ae faegd Jatg #1ér YA diedell, A<
AT HA Fell, YeeT FAeT (Negative) TG FET GATOTA arafdar 30T gogr
AT 3TUTelT, dX 3M9eATel B 30T H =ar fafdiest Hearardr fafkise 3meRrer seg
fASSer. 7T IT Fegar BEUTE Feg fhar BEIFE o0 38 FHorAra.

fohar ol carEar 3Rl SEer dhell SF AR -

Folgg 3feadr B 30T Hedfes fhes Secicdel H o oheg, Hidcaie 37for
STHTACTISRITTAT Ul HYOT THATS! Telle dhelel 3MMg, oarem RERfd @eg faar
feEeXf e ou Fgordra.
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O

+ UHR -
®
5 FATH
Vi M I Rer
) 3R
- T

T
Regfea o
MFet 4.7: REIFE Feg gred FOIEE IRAAF FeIT

9faT (Procedure) :

gearcor  Regf@aer &aw  (Switch) Wifsieer (1) & Sgem et 3mfor
QIERINACTT ST FARAd ST ddell SiTdl, A FHldwdr fdegd vyarg
aftheAts difaifed fGdsr agar. B 301 H =1 Hed AT FTAEER Alsfell ST, Fdl
ACfRIAATCT &l Seofe, JaTg (i) Feotell Sar 31or B 310 H =& Hed ATl
Hearadd (maximum value) (fSig A) wdiaear fafdyr Heaiaw digael Srdrd. da¥ B-H
Theg Talle hell SiTdl. ATl HICISIl Feg (Feg O-A) FgUrdrd.

TR fdg A AR, UIERAAY araeel Jarg (#ie) g (dise o) gdd wer
hell SiTar 30T fdegavargredr e )different) HeAr @S B 30T H = #Hed Iogr
sAicaell STald. W AT Hieathd B & Hed H =T YHAONT Seod A6r, W H A
. D d g O-A 3TTHOT FIUMR ATEN, TR $eg A-B o 3TTHOT e, FTelT
fSHeiegRE #gourdid. g 'B' @), H ¥ Hed Y= 3¢ W B ¥ Hed Y= =g,
A H O HoF T AT B T 3@ Hod, I1d WA Folad sfeadt
(Residual Flux Density) fhar 3@ec woeq sf=aér (Remanent Flux density) 313
FEUTAI. Il I3 AASIN HIelfesTA (Residual Magnetism) 3/ €T FgUTAT.

452 RERFEA (Retentivity): Hicifesh derdel IAs3el Forgd sSfeqdr fAaATor
HIUGTAT AT Refefeger Fgurard.

fiiq 'B' #cR, & (Switch) WIfee (2) @) g 3efe Rlel faegavare Jarfed
Fell ST, IHS H ¥ Hed fAafed e ared 3mior fag 'C' aX werarat sfeady o
gld.
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Forrad! STl ATl HAT HIuATAT Yishdell BHACIST 3% 3N
(Demagnetization of Core) 31& FgUTdTd.

Foradl sadT EaTIid HHT FHUATEIST HEATAF Hedlfed fthes Feclaacral Hurda
WA (Coercive force) 3/& FgUTAId.

féig 'C' FeR, SR Yogl ac fdlied fGaa Sedla Sed dlead, X 3o e
STEAT STEd Foldd 3fger ured g, HIT &g C-D e giar.

fSig 'D' AR, 3T SR faegd WA Yedradd ST dhell, TR Hadich Folord
sfoad) ¥ gld, W WY oy STadl Jefe fqAa re gid. &1 e shelell
Hhee D-E T 3ral oR feifed I3l worg O-E = §AT 378

qige (E) Aa¥, Joer Neghiae feaadr (Switch) @ifoReT (1) ALY Sgaer I,
AR fdegd Jarg difstied el arg amrar. f§g (F) @), 3dedrer Felerd sfewdr
‘B’ Y A, geer g (F) AR, SR 30T FRAFAIIT R dledell, o HTTeTell
Feg F-A e, St 3mepdiaed dfdeamyamey grfes #eg O-A Uall a9l 3.

(B)

ITelt 4.8 REIFH o

4.5.3 AT ARIaETS feeif@w o[ (Hysteresis Loops for different materials):
AT 3TANRHTST HIACh ALRIerN fas REAE U=l HRET TaciaH
3r|d.

a) #rer REIRAT o[ @0 (Large Hysteresis Loop): & HIRIST HIACH JhifSITaTS!
féhar gsfsic HAAT (Permanent Magnet) FgUfs aToRTd.
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b) seTT RREIMT @ W (Small Hysteresis Loop): § #HIRIS THBIF
(Transformer) far saifdeaw Aexd@Tdr (Electric Motor) aTaRdTd.

TrelTeTTATOT el ACRIerAT FE{T o[uar 313-ar F&T -

a) AlT-HAIafed gerd far gar (Non-magnetic material or air) :
AGTST, H9eT TfFAIIETEr (1) 1 3. FgUR, U = o 30T d TR 38, THS
RERTAT o@ AR 0 {EIAH AH AR, AHD Wiellel IHAHET SEITATIHTO!
B-H #ct & Az AR Somd w3 I 3.

w0 h\( ¥ ROy
B7 Vg

4 >

Am

3Tl 4.9 AlaHe=ReF gard fhar gar
b) g¥ ¥ (Hard steel) :
I1d feEfaw o9 Aler 3me 30T S REdT diay 3for iefda eRicRE
S 3MTg. A1HS Aa Rl Jere HIACISTATS O AT oT8Y. B-H &g @reitel
IMepcAEY EATACATHATON 3TE. AT TR HREAFAETRAT Haolc (WHGC HIele) TIR
FLUGTHTS!, AlSTHTITE HIE (Measuring Instruments), T-HsTE (Transducer)
3TfOT Haafew IPsT (Magnetic Recorder) H#EX el SATAT.
s =
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c) € AT (Wrought Iron) :
1 fREVEH oar TRAT HALIH MhRTET 3 0T AHs g,
SAFCIHIACHYT HIIN TIR OIS d AT 308, B-H @eg Tiellel  HThehAed
gfacaTyATor 3R,

TB

THEgHA
FeaH -
Frw qu AvEH
Fufda wE
HETH

3 :4.11 Wrought Iron |1
d) #Fe T (Caste Steel) :
qiaR 30T HIvfdT PSS FETH 3. AT 3YAET SolaciHIdcy TIquATHTST Shell
STl B-H #heg Wiellel 3MehciAed eRifdedToaTor 318,

MF 4.12 FRC TS
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BHIAER FAER3?eT (Ferromagnetic Materials) :

g Toisher 30T oltg I TR 3me. e REAAE T QU 6T 3, AHD
fRe¥fae ot @a #T 318, § o8l Safdes AMeTd IR TAJUATAS arael i
o 39 herdedliay S Fld. B-H Seg Wrellel 3MehciAed gUideamaAy e,

4B

IEsgHe dess
AT FH

= H

Ffarr ag= feeetfow o9
HUAa B

3ifder Hm
Mt :4.13 FRARF FeRIaaTS

4.5.4 fgrediw o (Hysteresis Loss) : 3HIACISARIT eladTT HIollcah Foidl ol
g7 30Tl Ta®ATd gial, <arenm fgee & offa Fgorard.

REIVE @Y Hged  (Significance of Hysteresis loss):- fgref@a=ar EFSTIT:I'@%
fREXE df| giar. § ReRfaw Juear sEear (meREn) e wAnd (directly
proportional) 3.

REAAH &re 81 "FETACH" I AMerelelr 3 0T a @Wrelel gaear feer

ST
feef@w &g = kh. f.V.Bm!®
a9,
kn= dfRIscaqet fEerie fohar Eaacer Ruts. REBE Ju=ar aiheEaT
IS 3

f = HedcraarereTar Theradr
V = FHfed Jerd™ gaaha
Bm = ®HAT Folard STl
frrifRw=ar araa aRumA (Effects of hysteresis loss): -
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RERTATAT e AIHGT dled A AT Segaleay TROMHA giar
IO THUT HIAGTHAT HeAT Bl

4.5.5 fgreRT=ar argay 9RO FUIR gea (Factors affecting hysteresis loss):

o REITH U &19%has (Area) : &Ahe dATGed old dTed.

o FRITT TEIIA (Volume) - HAhG : HIRIT Telthed THTE Al AHAH]
g aredr.

o frarddT (Frequency) : fherddll aTed d&T i dredr.
e RERRAW arw @reiavaATer FH Far I3 AFAL.

o Tharddl HAT FHIO.

o FRITY TEITH-UAHS HAT 0.

o g REIREE U 38 HARI Hasor.

4.5.6 FIAfeh RTIHNTT 3TANT (Applications of magnetic hysteresis):

a) A T U Iwae Awfeds mRTe (718 #A) : HST FE (credit card),
33N IS (Audio Recording), 818 3% (hard disc) 5. AT SUROTHEN gTS
Hidlc AT STATd HROT AT FAERITHLY AFT (memory) Teol Heaar A AN

b) 3% (narrow) REXFAW T WA HAeafew mRTT AiFe (soft) Hesie) :
S=ahIFR (transformer), Rer (relay), dlelligs (solenoid) §. 3YHICTHEY TIFC
HIolc aTRell STdrl (381, her, g 3.)

Tq-3regq« (Exercise) :

[1] Feldd HIOT Folerd sfeac aiRenia &, (2M)

[2] HAiehear SErE afAATffadr 3nfor ga=ar gifanafad #ed a@em (2M)

[3] @lellel TaT IRATT T2 (i) MMF (i) Reraea (2m)

[4] HIATEH HIRIr BEIAH 0 FATEUT oldlel dheledl JHThclIdg TS HI1(6M)
[5]

[6]

5] VT TET gy gaifFes Afhe 3MOT FHeafes afihe Al qoem 1. (6M)
6] ol HATAT HEUIR Hiclfesh Aithe 30T gelfdee Afthe I o= 1. (6M)

Hest UrsaYEaF (Reference Books) :

[1] A Textbook of Electrical Technology Vol - 1 - B. L. Theraja, A. K. Theraja
[2] Basic Electrical Engineering - V. N. Mittle

[3] Basic Electrical and Electronics Engineering - Jegathesan V., Vinoth Kumar
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K., Saravanakumar R.

[4] Electrical Technology - Hughes, Edward

[5] Fundamental of Electrical Engineering - Hussain Ashfaq

[6] Fundamental of Electrical Engineering - S.B.Lal Seksena and Kaustuv Dasgupta
Part - 1

Hecdredl 3uged foied (Important Links)
[1] https://en.wikipedia.org/wiki/Capacitor

[2] https://www.electrical4u.com/electrical:engineering:articles/#google_vignette

[3] https://www.slideshare.net/ChetanPatil396/basic:electrical:parameters:basic:electrical:e

ngineering
[4] https://www.britannica.com/science

[5] https://en.wikipedia.org/wiki/Magnetic_circuit

[6] https://en.wikipedia.org/wiki/Electromagnetic_induction
[7] https://youtu.be/XT:UmPviH647si=MLIZBB5BgOA2SWBk
[8] https://youtu.be/M:QfX2fvpp4?si=xpZDAiX3:_7xrnnr

[9] https://archive.nptel.ac.in/courses/117/106/117106108/
[10] https://en.wikipedia.org/wiki/Electric_battery

[11] https://www.corsi.univr.it/documenti/Occorrenzalns/matdid/ma tdid441904.pdf
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gfae - 5
SAFCIHIATCH SSFeA

(Electromagnetic Induction)

sy Asu=lt (Course Outcome):
gelfdgehel Aithe TTOT [ATCHALY SAFCIHIA AT A ATe] .

(Apply Laws of electromagnetism in electrical circuit and systems.)
gesh fasgdl (Theory Learning Outcomes):

5.1 oicar UCaoheiared TISTT SolaciHIsiied STl HIaear aroRrd
qofel &,

(Describe the use of Faraday’s laws of electromagnetic induction in the
given application.)
5.2 feorear e.m.fs TIAT YRIFALT Flh .

(Distinguish between the given types of e.m.fs.)
5.3 fdeiedr afde #ed ARG e.m.f = 10T oIS WS A @9) .

(Apply Faraday’s laws to calculate induced e.m.f. in the given circuit.)

5.4 feoledr ditheear Yaehi &IAHEY Wodeledl FT-9X0T U1 Sofel 01T .

(Calculate self-inductance and energy stored in the magnetic field of the

given circuit.)

qR=r (Introduction):

gr Ts 9fshaT (Process) 31T SAHEY HsaeX (Conductor) Ter faferse fEuda
(Particular Position) &aelT STTAT 371U Teehiar &1F (Magnetic Field) sgefd (Change) Jigd

forar dehrr &1 (Magnetic Field)) 2R (Constant) 3r8d 37T &s&eX (Conductor)

o (Rotate) 3rdl. I T¢I FseeX (Electric Conductor) HEY cglecsi(Voltage)

fhar EMF (SoigeiAifeeg BIY) darR gl
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5.1 WRa e.m.f a1 RFE 33 current, FAFCHIATRF FsFUTT WY fAgA
(Development of Induced E.m.f. and Current, Faraday’s Laws of
Electromagnetic Induction) :

5.1.1 IR e.m.f. I FHI3 da (Basic Principle of Induced e.m.f.)
o I Y ALY Yahg &l (Magnetic Field) et (Force) ard®el voltage 3iTfor

current IR el STl
o 7 FEYAT & (Battery) arg®T Voltage 30T Current d3R gid =lgr. T
SBlecolell Seldelddsiice BIH (Electromagnetic force) 388! FgUTATd.

5.1.2 WRa e.m.f fawfa FTvar=ar ugudr (Methods to Develop Induced e.m.f) :

> — D e
HiS==ocmW{{{E:=n:}
| e e A R FtereT Fowe = far
-0 -0
(1) @

et 5.1 R e.m.f Fwfa Fvogrear gguEh

SIcgT Sgolcs higel AT ATl Uehl Hdea1elel IecgalAIeder Siiselel &l JHTor
d SR Ydhloldes Sdel STl degl Jalg il Sisel Sifal. SR gdsh R 3@ R
IecETATHICIHE HIUTE! [aaTaoT fANETOT AT T 3HTehelld SREATCATIHIT! Yo ITelleTeh
aler feaa (1) 3nfor (2) Wehed™, R Yo ST TNAEY 3¢ ATId 3rlleleh
&1foie fa8qur (Deflection) &id.

aleel GeRuniAed faaiqomel feer faeeyr 3 dlecgaiidictd f9aiqor Segelds Higd
A e.m.f @ A cfaq. a1 ufshder seacfcsd SsareT 3 FgUTdId.

5.1.3 SaecIAdsileh STFAAAT WSH fAI:

Faradays Laws of Electromagnetic Induction:

(A) SAFIHIATEH SSFAAAT HUSH qfgelmr I

Faradays First Law of Electromagnetic Induction

faemer (Statement):SicgT TWIET ShseeX Iahrd ALY dGel USTH HATUTAl Tegl o
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HEFeX ALY SUATH [AATOT gl

(B) SolFcIHIAEH SSHATAT WISl GET TAIH

Faradays Second Law of Electromagnetic Induction

faureT (Statement): SolFciHIACE IR =T hAFALY AT FUIRT SUAUS &1
I VT FEeredT AGATON 3.

R (B)
TasIIor (Explanation) :
v foider @ wodq 0T Sigerear dediedr Eddn ONFHR IR,
Ty fader = Faed (flux) x Figerear dedrar &ar (Number of turns of
coil).
sART raFg RFT = N &y - - - - - - (1)

I, N = FigclcdT dgardl T&aT
@y = e (initial flux) Fered
geardten (initially) FedH da<JAR sSeeld FUA (changes with respect to time) 3Tqor
FEU HI, dt IS5 FAFH D Bl
dt I AT Ferard felhat (flux linkage)
3T P Toldhol = N @ - - - - - - (2)
JA, o, = AFAA FoIFH (final flux)

FeFaAEd GIUIRT d&al (change in flux) (dd) = &, - @y

( Forerd TolchotedT SGalTdl &X) Rate of change of flux linkage
3 (31T Forerd Telshat) final flux linkage — (ST Felerd foiehol) Initial Flux linkage
- (dtdodeAc ) time interval
(N @2 — N 1)/dt
N (92 — @1)/dt
A, (Dy - P4) = FAFTALY GIUIRT Feal(dd)
Nd®

(Fererer feichoTeaT Seemar eX) Rate of change of flux linkage = — - - - - - - (3)

NdQ

e—kdt

Where K = sletee 3T WaTATfadr (Constant of Propornality)

__ Ndo
€= e )
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5.2 S=TASd ARG § T th T INT SvaAwe, desrar Faw, wfd=n 3=
grarar faga.
(Dynamically Induced emf and statically induced emf, Lenz’'s Law, Fleming’s
Right hand rule)
5.2.1 dwsrar @IH (Len’z Law):
1984 7Y, "gfae olesr" ATarear ST T (German scientist) oot

faaA (Lenz law) Ta&@d (eveloped) ahel.

sgeeTedl AT faa=ar fFgAER, (Newton's third law of motion) ofed fZr@T=
AT el ST
3ol Ha4«l (Energy Conservation) g ¢did ol fAg&Tar (Lenz law) 91T AR,

() o9 fag#mar QU (Statement of Lenz’'s Law):
gAFCIHIACH G ThdAed AT U gahig &7 (Magnetic Field) sar
HROMHS fAATT gl AT HROTMATT faer .

() o= s afordir gdlleor (Mathematical equation):

goFcIHaTeh gsaleT=ar  (Electromagnetic Induction.) WIISST gaE-am fagAT
(Faradays Second Law) @H1&0T (Equation) faamrra .

Nd®

It is e = = - (5)
JY e is YR § TH TH
3 IRT emf H& Fe (Current)dIR gldl. 8T Fe (Current) SAT FHRUMHD AT

HRUTT (its causes) a1 (oppose) Hdl. FgUSTT doidATl IRA emf o Ay Har
¢ 9Rd g tH tw ar gAeoTAE %oT fAegawt ey ga

- N
s (6)

(1) <=9 fSg#A™r 3999T (applications):
1. soifdce AlCHALY dh STATH  (Back emf in electric motors)

2. SoIFCIHIATEH ShdT (Electromagnetic breaking)

3. SR FeheloH (Induction cooktops)
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5.2.2 Dynamically and Static e.m.f:
5.2.2.1 s¥ATA®d IRT § TH & (Dynamically Induced E.m.f):

HEHH

B

AN

3Tl 5.2 SMI AR IRT § TH TH
SYTEAT: el MU Yehl &N HIET TNHS hIgeTHET IR STATHT
ST THSell YRT STATE FgUTATd.
TISEHIOT:

T JehRId, hswed fhiad 3ied, W Ples BT e YahT &9 (Magnetic Field) @
ey (Conductor)ardshr Tehl fERR el ga=are O dael HATARN Jaehg IoT
(Magnetic Flux) &ITedT STsT $UA TH fAATOT 8T 372 G Tl 3ef fAATOT grom=ar
SUAUGAT S-S IRT STHA Uh 3 FgoIdid.

372 YhRTAT SUH UG SlelRed ALY fAAT el Sar

FEU FoAd e ldx x B J<d.

FAFHALY dcol Bld x JeX.

ol d& = dt T,
W FaE 3@ gerar fr 9T sogciERee fies (STHUS) Foad  deleld
JCGTUATTT Sl sRIsd 378
(Bldx)/dt = Blv =glecH

ST V & a9 3Tg = (dx)/dt SiegT A & Jagar G 6 AT Jard Tl degl IRd
emf 379qr.

e = BIVsin6 cgiee
5.2.2.2 Tfewhell WRAT SUATE (Statically Induced e.m.f.):
SYTEAT: SIegT hsehed T8 AT 0T e &1 Scelad 318, degl 3R YR IR
EMF ®feehell 9Rd EMF (SHBIATIATOY) UL 3NbEell STl
g 3 Fgcd Id SRUT EMF TR 3eedr ssdeddesy URa 3me. &efewer aRd
EMF &&tel gl Avfiaed gafih ahel SIS ehd
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o leest G,
MFdr 5.3 FReFel IR sTaATH
* ¥3-9Rd EMF (Self Induced Emf)

o QIR 9T EMF

(Mutually Induced Emf)

TISEFIOT: Uehl Yoohral fqUR T it SUATHEAT ATATEST yarg HATor sl

AT SHTITIATIT THT ATeATT SSelell 37T

BT E 3TecTelleal ae AT dl. § FRId ol i faegd Jamrdl digdl daedr

deold. HeeTATCa dE BT octelicdl Foard fHIOT Hlcl. JSaR 8T e, A
TeclATC T Folard &Y deold Tdl. eclaicdl Foldd ALY gIUIRT 96T do/dt & e
S, Higared do/dt Hos, RRUOT e.m.f. AT 814, #gUA Eiewel IRT e.m.f

FEUTATA.

3CTEYUT:1) FelRIGE Sgedr dieh.

5.2.2.3 ¥fewell IR E.M.F. 3f0r srreifdsrelt WRa E.M.F. @t gerarm (Difference
Between Statically Induced E.M.F. and Dynamically Induced E.M.F)

(FATR) | @AW SRS AR e.m.f wfewma IRT e.m.f
_ (Particular) (Dynamically Induced (Statically Induced e.m.f.)
Sr.No.) e.m.f)
e.m.f 9RT (e.m.f | e.m.f is induced due to _ | e.m.f is induced without _
induced) (#Hifde gTeraTeliH ) (Hifa=
1. physical movement of | gTerareiiIard)physical
Figel fohal daehrear movement of @isel fahar
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(Coil or magnet.) ﬂWﬁﬂT (Coil or magnet.)
grerTei(Movement) | Thal (Either) #isel i | isel fhea ATEr fohar
2. of coil or (coil moves) or magnet magnet fhyd s (Neither
magnet moves. coil moves nor magnet
moves).
FHTEROT YR e = BIVsin® volts. o = Ndo
SIS dt
3. Expression of
induced
voltage/e.m.f.
3ETEX0T / 39T | S Shelkex,( DC (S=E@®HIER) Transformer,
4. (Example/ Generator, ) #HeX (motor) | AfFehTdHEY e
Applications) diek.) filter chokes in
rectifiers.
golaciHdcear_ | (PR Wgd ) Remains d& TIT HSHTd scold
5. Fc (Current constant (Varies with respect to
Through time)
Electromagnet)

5.2.3 FAfAET 3tear graraT ¥A: (Fleming's right hand rule):

3ofar g (Right Hand) dfger dlc (With the First Finger), &l dic (middle
finger) 31O 379TaT (Thumb) TehaTdT @eahiald (Right Angles) &RT. SR dfgel sl
deehray 9T feRm (Direction Of Magnetic lines of force) a¥iad 3r&er, 3iaaarer feer
arcdrear el (Direction Of Motion) 318d, AYe dic (Middle Finger) 9Rd e.m.f =t
feem (Direction Of Induced e.m.f.) g2iad.
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A 3P Hsded (379ds)

TFoTeRT ST 3T of & (a0 T et

\

B

o 4

‘h\ ‘

4

FocgIAIAY,

el 5.4 (a) FATRIET IoTear grarr Has

3ITSI- AR 36 Hsael

[
A dic- Svavwdr R /

HIFAT 5.4 (b) FAHIET SoToaT FTATT A

5.3 Woh §5Fcod, Woh I5Fcoud [PUUF (L), FITH §5Fcod, Feg $5Fcodd
RaiF (M), 3nfor aow IRT e.m.f 31T WER INT e.m.f, Faford x=2RiF (K):
(Self Inductance, Coefficient of Self inductance (L), Mutual Inductance,
Coefficient of Mutual inductance (M), Self Induced e.m.f .and Mutually induced
e.m.f, Coefficient of Coupling)
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5.3.1. Gew-33%¢H (Self-Inductance):

=qredT (Definition): s&cy Higel (Coil) =1 /T J[UIH SAHD (Property) o Higel
HYST JIEUIAT, AT BIUTRAT deelrd (FaT fhar areuarw) fadiwr (Oppose) &,
O o 38%ced (Self-Inductance) FgoTdd.

TH& (Unit) :Tch Ssacaad Theh gadl Henry(H). 3Mg.

FisclAed 1 JTA3RAT (1Ampere) dgdlAT &e (Current) cIHET 1 wb/turn Feledrd
foihat (flux linkages) TATOT sTear@ T garar (One Henry) doWw §5dced
(self:inductance) 3T&qr 31 Fgceol SiTd.

5.3.2 §¢% sdecruy f¥U® (L) (Coefficient of Self inductance) (L):
HISTHYST Ueh 3TUIN T JaIfgd oAl Side Hellch FelehH Higerell Toleh HIdld,
ITT Vot §5dcodd RS FgUTAld.

THF (Unit): Figeraed dsX ¢ (The Weber Turn) 9fa 3ifU3R (Per Aampere)

d€x Tof (Weber Turn) FgoTal dskatfiel Folard (the product of flux in weber)  3TfoT
Folardell Silseledl o o T&Al. (The Number of turn with which the flux is linked.)
graT IOTHR § PIserd Folard foldhal 3TE.

N ToT (Turn) 3T&elell 37O | 3TA3RET e (Current) ATHIGUIRT Alel=iiss (Solenoid)
foarra &1, SR AT §IUIRT Feldd (Produced) @ d€d 31¥el ¥ d&X & (turns)
N 3ed. IS deX & 9fcd 33N (weber turns per ampere) Trefler JATON 3Tedl

v,

I
SR @igel oY ol L #HleX 3rdel 30T TRar A el T3 38, T cATdel SAToT]
FC & | TR 3rdr.

¢= (mmf)/(Reluctance)
= (NI)/l(u0 X pur X a)
= (NI)/S weber
Substituting this in the above equation
L = )/ x (ND/(S)

L = %Henrys.
5.3.3 ¥ $5F¢d (Mutual Inductance):

=&t (Definition): Tehl Higerell fdegd AT 3ol folean Yaehidy &1 galy Higel
Saell ITHCT gH-AT HISAHEY SUATD AT grogredr hdel FIeg3rel FSHFAA FgUIdlcl.
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! »

el 5.5 FYYI 5Fcod

FTISEFIOT: 3Tl 5.5 ALY SEACAIAN A FHISTHLS HCAI 3ol faear Aoy
YIhIT AT A Hisel Saoll IHAT A Higelded fAHTT Gomear doehld I Seelodl
3 T AT TIATAT 3 RIS Tl hgel X HIYeT SATclierd T § HiSel hgeTel
HTIT SATciTel FEUT WRSTAT SolFeIHdeI[Ceh SSIeTeT THATAGTAR § HigelHEd STATH
f#ATOT gl ATelrr FYeg3el $SHRAT I FFUIATA 30T B higeldmed AT gromar
SUAUG FTI37eT SUATSH 3 FFUTA.

THE (Unit): TGl $3FaTd Ueheh gail (H) 318,

5.3.4 FYHA §3Fcowd YIS (M) Coefficient of mutual inductance (M):

Tehl HISTHEE aATedleTl 1 AT Yag GEAT HIsaALd 1 Wh/turn =1 Feferg Toishot

TR Y A alel HigaHtd Teh gorel FIeYIel S5ded 3Tl 3 Fgeol S
M = (N2xK1x ¢1)/I1Henry

¢1 = (N1 xK1)/(l/w)

= (N1 xI11)/(S)
M = (N2xK1)/(I1) x (N1xI1)/(S)
M = K1x (N1XxN2)/S Henry.
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SR Ul HigeledR TR IV HI Felehd SR Siiselel 3/&cer #orel K1=1 @,
M = (N1 x N2)/S Henry.

5.3.4. Ta9uRa EMF (Self-Induced EMF):

SATEAT: Sicgl EMF car<ameil Siiseledl Tad:<aT Jqeehld YdTgTeal Seoldad PG
URT gidl degl Irell TaIURd EMF #Fgourdrd.

S T 111\
—a
P

3l 5.6 TaIIRA EMF

TISEFIOT — Slcgl HigaALd fdegcvarg aedl degl I fdeIdvaeds HigaaeT

fel

JIhT 8T dIR BId. HiscrdeeT faegdyarg Seeledd, HISTT SATSUTR ECEIR Il

S

aEliel dgeldl. FEU, WISTAT Soaaidaiesh SsRIeT=al AAARTER, Figerred EMF
IR Ferr Sl 3 YHR IRA EMF Fa:9Rd EMF g0l 3@l ST,

afoTdesedr, FaI-9Rd STATH gar f&er i,

di
e=L— ...(1)

S, L g Siserd TI:9RX0T (self inductance) 38

5.3.5 Q¥ 9RaT EMF (Mutually Induced EMF) :

SYTEAT: AR HiSeredl Teolcdl Yoehld YAgHd Sicgl hisarned EMF IR giar
JegT Tl WER 9Rd EMF 318 #FgoTdrd.
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O{f // /// - ) OHH H ;)

el 5.6 WER IRT e.m.f.

TGO - FISA-1 0T FISA-2 U N[ STeledl Gl higerdl AR &
(3epeit UgT). Hisl-1 G@R TAHUT STl YohlT FaTeTar Teh 3T Hisel-2 o Siisdl.
81 Yhg JaTg St 1 30T 2 I7 Slogl HigAAET HHSH g ATell FIG3Hel Folard
FEU HBWel ST 37T, Higel-1 FelTel faegd varg Seoedryd, WER arE &l
Seordl 30T IS alegl HigerFed EMF IR glal(induced). Hige-2 HEI YRaT EMF
WER 9RA EMF #gU 3@ Sild, ®ROT o #igd-1 gar Afdq soeraatde
SeoHS IR gid. MoIdIesedr, WER IRd EMF gar feer o,

di,
=M— ...(2
eIII. dt { )

S, M g Higcdtlicl TIP3l gsFead 3Te.
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5.3.5 (FaT:aRd e.m.f 370" wF INA e.m.f Feher o)

(Difference between Self Induced e.m.f. and Mutually Induced e.m.f):

(Sr.No.) | (Particular) Self Induced e.m.f. Mutually Induced e.m.f
(FaTR) | (Fadm) FaaIRT e.m.f (RER ARG e.m.f):
GIEG theFc Teh ISl 3TARTAS | alel ISl TaRTR
1. RIICERED) (Only one call (Two coil required)
(Coil required)
Required)
Felard Fiscrdg FoIFd feldhold | UfecdT Pisards Folad
folehotHEd del | TATG@R T FGolsd folehel aAATT TeofeT Taele
(Change of EERGIGH STt
2. Flux Linkages) | (The Flux Linkages qa- FISIHEY
with the coil is (The Flux Linkages with

Changed by changing | first coil is Changed by
current through it.) changing current In
second coil)

3 ganr gfaer TEI-URT SUATE (L) TR IRT $TATH (M)

(denoted by) |gar geifder STa gar cdfaer aa
4 (3OTErA) ol igerdr AUTLH HIE | o Shigeredr ST J[uTers
Property 3Te

5.3.6. Ssviid fRBuRiF (Coefficient of Coupling) (K):

U PISTHE [ECUGECIEEC: AT gromar gqqﬁq JaTeTdT 37T ST gH=aT Prgorel
SSAr cITell gl FigcrdAdel Ssvid FeRF #7gordid. & (K) gar geifder S

SR K @ #{ed 1(unity) STaa 318, A HISe T SAlSeedl 3ed 3 Fged Sfd 3o
K =0 ¥ #Fed 30, Hhiged Helqul Sisclel e 31 FgUTdN.

K = M/V(L1 % L2)

I, M: FiscreTeid Y3l $3FCq

L1: 9fgedT Fisedr Ao S5Fcd
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L2: G831 Higerdl et gsFced

5.4 ss¥cd 54 fAAST (Inductance in Series):

5.4.1 Inductor :

<gredT (Definition):
g5 g1 Uoh fifSena faggd ueeh 3 St FeHtS 3releleh GIOTAT Feelioll
R FTaY. SSFedaT Fise fohar A WET FUTAId.

f@eaier (Symbol): (L)

S 111 S

el 5.7 Therd §5eFeX el 5.8 SgRTUS F5FR

Working Principle (&M dca):

Grellel 3Tehell Teh IR STad I fafaer T ddel dhelel 3med. Fig.

dHR F6 ool

3kl 5.8 FsFeX HFATT dcd

SICET SIcgT T SSFCTHYS dgcll cIegl cATHIacH TUeh Jaehid &1F TAN Bl of §seFededl

99| Page Maharshtra State Board of Technical Education, Mumbai



Hqesa faega AR : 3e3¢0 Fundamental Of Electrical Engineering (FEE)

cIhTaT Sglecsl IRT &ia.
SSHCTH § QAR HIEIE! oAl SegT SIcgl e dcelal degl URd cglecsl fAToT sheoar
&THAT 3. § JThcll 5.8 T&A HHAS] Aehel.

5.4.2 ss%ed 31 AL (Inductance in Series):
HAlflohd PRI §8FcX SASoldd AT ST gd o 3T90T qrg 3. TGreflel  3Thclld
SEITIATY! [fesT Hedides Al Fiadeerrar faur w&.

Inductors in Series

Ly Ly Ls
.y - + . ¥ .
] e e

3Tl 5.8 gsacH 3o Al
alet faar 31fA Ssacd=ar Us ¢ U Falaeielell "$3acdd ANl delale" Fgordd.

LT=L1+L2+L3

ST L1 g ufgedr IEetar sseeaq 38, L2 & 23 Iee™r sseaq 3mg 3for L3
&7 I Aeamata 331 ISEe=r ssaeag 3R,

#9.1: Hrgefecg(same direction) UYSHMA Slisdcdl HAfdhdlel HAJeT Fsdcd
(Ferard T 30T sl T e 3Med) WrelleyH o el 31 d:

LT= L1 + L2 + 2M

#9.2: f@==Tq0T (opposite direction) SiiselcAT ATl THAJeT WOT (Jarg 30T
JaTg UshHHAT [a%cy e 3ed) WellagATol ol 3ed:

LT= L1 + L2 - 2M

5.5 Types of inductor, their application and Energy Stored in Magnetic Field:
5.5.1 gsFeIT YK (Types of inductor):
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S8Fc{d dlel YR 37ed

1. 3T R 38« (Iron Core Inductor)

2. U3 &R 3% (Air Core Inductor)

3. IS¢ R 5% (Ferrite core Inductor)

1. YT FR S3FeT YA

Rer cgledsl Y TS et HihcaALY ¢l HR SseFeddl aTNR
Shell ST,

AF TCTahleaed § T 39ged 3Te.

FAIde g oscd (fed) #Ed ¢ AF Al FURT ara’el STd.

g e sl RaaamaAed ar’e Sird.

g Seogey RATAHALY a1,

g JiaX hfserfeier 31or IUs aifestcasdy el arRer STd.

2. UHT I S5FeT 3YAIT:

TU3R &I el aTR HAT FShaddl TCaesh=Tard!r el STdl, FgouTal
20 Hz 9 1 MHz.

T3R $R §5Fe STl HITAINHTSN aTaell STl

g IF 30T RF AT higeldl STLRATATST aralel ST

TR R g5F TWhoet FlheHALY qIoer S,

g dregr 3nfor I3 Refiegdwg 3Ta arardr(frequency)
ITyARTAEY(Application) aTaRel SiTd.

3. WIST H SSFeHY UGN
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hTSE I 3¢ AF d 100MHZ fraaddt IGHEY 3Te HIoIradT
PISAHAET ATRAT AT

HTSC PR S5FeUAT aTR FASIA deg (MW) Rifiegdardr wrse I3
AT FEULT Fell SIS Aehe.

g 3T 30T #egA fhededial aTdl 13 2ehd.

HISC R S5FCIAT AqTI Tid¥ DA AT Bhadear Joiaed e
FOITATST hell ATl (ATHTTTT: 1 o 200 kHz)
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5.5.2 g1 &1FTd WIddaell 3al (Energy Stored in Magnetic Field):

FC TGl S Foll Yaehig &A1 FTodell Sl 30T JaIg HaT Sedral R A,

ffae d¢ @edec] instantaneous "t" Fehald (3Mhdl &), e "I" IR 31 .

SR &c dt Teald di 3IA3RE aedr, @R e.m.f. Figel FLY 9RT gar f&el aa

Switch /.

3t 5.9 Efcliﬁ'a &I TSIl 3ol

S.UA.UH. FHIAINT HGledl e 0T Iofell faTEr &Y.

IRA e.m.f TR HITATHIET 9] cglecsT™r Tesh = : e TglocH (volts)

FEUIA dt Gehe = TiaR X TSH SIFATT Yaehig TG AVelell Sl

= (e)idt=L (didt) xixdt=Lidijoules

A YT &GN THUT Fafl Mell ST Siegl faegd Jarg 0 o i 3f3radd
arer.

5.6 3<1gI0T (Numericals):
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(1) 500 I Hisar 25 MWb TIT Feraaell Sgelell 37Ad, Siegl 12.5 A o7 Ydig
T, e Ssdcaad Hod HIS?

FaY: TI-UIOT -
L = No /I

500 x 25 x / 12.5

1 @ (H)

(2) 0.8 mMWb =ar Jeehrg &1 120 d¢ 3clell il ddell Sfid. Higared IR
FUET emf 0.08 Aehard feeledm HlesAY 0.3 mWb X geaedray car=l aIurer &l
PIserdr Jfaer 2000 3Hedrd, Hiscaed IRd Hic Qe

I feoaT 32 N =120 3¢, ¢1 = 0.8mwb =, t = 0.08 Tshg
®, = 0.3mWb & R = 200 Q,

e 9T SUATE glec = 0.5 mWb
= 0.5 x 10° Wb
dt = 0.08 second

(0.5x 10 =3) /0.08= 0.750 volts
As R= 200 308H (Q)
#C 5 & PIsal = 0.750 / 200
= 0.00375A or 3.75 el TfEET (mA)
(3.) 31Tshar 50 30T 400 deAT Il &leT Higel AT 100 F#H? 0T TEA
ol 200 THAT &TA=AT d¢ er@sr RemaR A9IRY d¢ 3MRd. SR gl ArdeT 9ReEgdr
2000 38 R (i) PigaAtlicl FTIIT SSFceaqel VAT A, (ii) GEAT HigeHAL
emf URA g, g UfRedr FisaALY 0.02 YeharAdl dadd e ATUR garg 10 A
qdd aredr.
3R feorem 3er: Fiserd d¢ (Aeardr TEan): N1 = 50, N2 = 400
@ar 31 Cross section T &19%e, A = 100 cm2 = 100 x 10-4 m2.
@S AR TR ofell, = 200 T = 2 #r
SIgrar |TYeT 9RE#dr, pr = 2000
HAlhedT SR IREFIAT, u0= 4 m x 10-7 H/m
gaAT di = 10A ALY sEol
3T9TH I, dt = 0.02 JHhe
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(1) =3l $5aCH 51 & disel M:
RAFesm (S) = (1) / (n0 x pr xA)
= (2)/{(4m x 10 — 7)(2000)(100 x10 — 4)}
(S) = 79577.47 AT/wb
M = (N1) x (N2)/S
= (50) x (400)/79577.47
=0.25 Henry
(2) SUAUK 3 g Higel =
Ez = M x {(di)/(dt)}
= 0.25 x {(10)/(0.02)}
= 125 volt.
(4). SR 1000 deIr=Y Hised 0.02 JsTAT FoaFAM FSerel 3T X, 10 A o7 e
dIgel o AT, I0TAT H: (i) Pigerd g3Feed. (i) PISAHLY FE ThHHAA 3elc
A, $3JES SUATH 0.01 eherd fovell 3r8er 2
3o feeram 3er
degrdT TEar: N=1000
Hisifed wardd: = 0.02 wb
< : I=10A
(1) $sFeeq 3T Hisel (L) =
L= (N $)/(D)
= (1000 x 0.02)/10
= 2Henry
(2) 9Rd sTATS (E)
E= L x (di/dt)
HRUT Hc Th FAT 3ol 38
di/dt= (=10 — 10)/0.01

= —2000 A/sec.
E = 2(-2000)

= - 4000V
|E|= 4000V

5. 1000 JITT ale Higer A 30T 1200 JBUTr B 372t 3Mgd &I A gaR dIR §IOTRT
60% uarg B off Sisdl. Fisar A FEY 4A dT wag 0.05 wb 3107 Fiser B #LY 0.075
wb T 91§ fHATOT Al aX Wleilel STl QL.
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(i)
(ii)
(iii)
(iv) K

3T e e

degrer |@&ar: Ny=1000
HasATedh Forard: = 0.05 wb
g F&AT: N,=1200
HasATeh Forard: ¢o= 0.75 wb
FC |y = 4A

T |, - 4A

(1) A SISeraT §5FcH

L1
L2
i) M

Li= (N1x $1)/(I1)
(1000 x 0.05)/(4)
=125 H
(2) B Pigerar §5Fced = Ly = (N2x $2)/(4)
= (1200 x 0.75)/(4)
= 225 H
(3) ¥ g3Fceqw M = K {V L1xV L2}
M= (0.6) { V12.5 x 22.5}
M= 10.06 H
(4) P Tere 3% Hafeldr K= ($12)/ (¢p1)
=0.6

(5) 300 T 1w, 60 [T cTTATAT INOT 5000 AT T 8 T I AT I[STBeledl
U3 S Higeredl g &AW FART $5ecad 30T 3ofdT 0T &,
3a<: feder ser
dggrdr |@&ar N = 5000,

T3R IS diserdr offel, | = 300 I = 3 #Hey,
PIserar e, d = 60 THT = 0.6 Y
Step1:=ReeFca="

a=m x (d2)/4

=3.14 x {(0.6)2}/4

=0.283m?

Rerreaa (S) = {(D) / (10 x pr xA)}
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(3)/{(47 x 10 — 7)(1)(0.283)}
8435774.369
8.44 x10°% AT/wb
Step 2: §sFc-a="?
L= (N2)/S
= (5000)2/8.44 x106
- 2.96H
Step3: TSl TR & § HedATed fhes AT TIN Hisd (E)
E = 1/2{(L) x (D2}
1/2{(2.96) x (8)2}
94.72 joule
(7). ScgT 500 TIAT IfaeR 3TedT Pigeray 220 V T Sglecst dlddl SiTdl deal 5mWb
Folehd TR Blcll. SR HigeHed 1000 a¢ 3o oR, Yahig &HHEY FAhd Higel
3nfOr 35T g5aFeag Qe
R feadr 3er
sRreesT (V)=220V
WEe=aw (R)= 500
e (N)=1000
FIFT (p)=5mWb=5 x 103
(1) FC 3 & HIgA="
1=V /R
= (220)/(50)
= 4 .4A
(2) 3% 3o Pisel = (N x ¢p)/I
= {1000 x(5 x 10 — 3)}/4.4
=1.136H
(3) TSI TR S & Hdollcdh [hes HTH Hisa=?

E= {1/2(L x I2)}

= {1/2(1.136 x (4.4)2)}
10.996J
=11joule

Ta3regge (Exercise) :
(1) 500 FBUNHr HigeT 25 mWb TIT FereraRll Sliselell 319d, SicgT 12.5A a1 ydlg
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Al Hohgsdeaacdl Hedrd! A0l Tl

(2) oleq TIT gAY e & .

(3) SolFcIHIsITeeh SSHATAT WISl HIH HIIM.

(4) 500 TS HigeT 25 mWb TIT FelFael Siiselell 3Ad, Siegl 12.5 A o7 ydig
L. Hoth gsacead Hed Al

(5) TeWh SSFcoTd HEHITHATT GRATT .

(9) T AsGTT SITEIT T - Statically Induced Emf.

(6) SoFCIHIsICH STl HAfAT FIUTALT Mot FIAG IRATT T, TeAF FIASIT
3919T forgr.

(7) W& el gefea
(i) SIUTART el YR

(10) (i) SPIUTAEY gleT 39T

(11) FlfHITAT 397ear gramar =g g .

(12) Tfewell ARG STATE 30T SR AT IR STHTE Jeardier Bl .

(13) g5 YR AEM.0.6mwb o7 Teehld yarg 1000 =T HisTAYA Sircll, 0.05
ALY 39 holl STl Hehe, FTaIIRT STATHT T H{od ARET

(14) YT QFHEY HSTeledT Fotdl I0TAT HIOAMHTS TF HiaM.

(15) STl HE:HIAGTHAAT IRATNT .

(16) Tfeamell 3MTOT STTATASel IRT emfs T HIfOT TaSC HT.

(17) (i) Soloel Haeh STFAAT T Wisd fATa.
(i) =T RAEDT Ui RoTATSr e AT Frer TOT TASE .

et qregqEd+ (Reference Books):

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

[3] Subhodh Vidyutshastra, by trambak Waghmare

ATfiedl haeya (Information Websites):

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

2) https://'www.typingbaba.com/translator/english:to:marathi:translation.php
3) https://www.youtube.com/watch?reload=9&app=desktop&v=vJSULHbYInw

4) https://www.youtube.com/watch?app=desktop&v=E::BJAMJRrU

5) https://wwww.electrical4u.com
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