CHAPTER -7

TATdd! ERT

ALTERNATING CURRENT

T8 A |

Q 1: What is the frequency of the AC Mains in India?

a. 60Hz b. 50Hz

¢. 40Hz d 30Hz
Q 1: R ¥ HTYfS H gaTad’ aR1 Hi gia T et @ 2

a. 60Hz b. 50Hz

C.  40Hz d 30Hz
Ans:-b.
Q 2: An alternating current can be produced by

a.  Choke Coil b. Dynamo

c.  Electric Motor d. Transformer
Q 2 : YATad! &MRT 37 Y 57T Ahdl &

a. dlbdISH b.  3184AHT

c fagadiex d.  CiABER
Ans:-b.

Q 3: The device which converts mechanical energy into
electrical energy is:
a Transformer b. Dynamo

C Motor d Choke coil.
Q 3: T gferT 31 gifae Harf ®! fagra Ha1i § afrafda s @:

a cH®mrR b SEAHI
c O d dIH Digail
Ans:-b.

Q 4: Which of the following circuits exhibits maximum
power dissipation?
a.  Pure Inductive Circuit
b.  Pure Capacitive Circuit
c.  Pure Resistive Circuit
d.  None of the above

Q 4 : Ffaféa ¥ A si9 a1 afde 1faean afea 3raag

yeffa &varn &

a.  RGU WS yRUY

b qd TR gRkuy

¢ U UfaIgs gRuy

d WA PDIE N TE
Ans:-c

Q 5:What happens to the inductive reactance when the
frequency of the AC supply is increased?
a.  Increases b. Decreases

c.  Remainsthesame d. Decreasesinversely

HeT-12 (ifahn
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Q 5 : UdTad! &RT (A O 3TYfd & 3gfRT dg7 uw R

gfcara &1 41 8 &2

a aaﬁr%

b. PHEISE

¢ Au#EATE

d. hHTIUTA ¥ F Tl &
Ans:-a

Q 6: What happens to the quality factor of an LCR circuit
if the resistance is increased?

a. Increases b. Decreases

C. Remains the same d. None of the above

oe:;rl?:’raazzﬁw LCR wfdbe & faiwar 1otics &1 ot &t

a.. Gl & b. HHBIATA &
c. JuTéEare d sTHA DS ot 78

Ans:-b.

Q 7: When is the current in a circuit wattless?
a.  When the inductance of the circuit is zero.
b.  When the resistance of the circuit is zero.
c.  When the current is alternating.
d

When both resistance and inductance are
zero.

Q 7: Afde & FHic Ha aicaH aar &
a. 319 HAfcbc T URdbed [ Bl &l
b, 31d YRy o1 ufcRig 4 e 8l
c. 579 P & XET &l
d. 5T UfaRe TUT URebed ST [ &l

Ans:-b.

Q 8:Energy dissipated in LCR circuit in:

a. L only b. Conly
C. R only d. All of the above
Q 8: LCR 9fyay & 3551f bt &rclt a1t @ -
a. Hdd LB gRI b. hdd C P gRI
¢ ®ddd R BERT d  SWHAH BRI

Ans:-c.

Q 9 : What is the ratio of inductive and capacitive
reactances in an ac circuit?

a1 b. w3L
c¢. wlLC d 0
Q 9 : b UTdd] &RT 99y ¥ Ubad 341 denfa ufaard
T HUTd 4T &7
a1 b. w?L
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c.  w?LC d o0
Ans:-c.

In series resonant LCR circuit:

a.  reactance is zero b. currentis zero
¢.  voltageis zero d.  None of these
Q 10 : 407t T 31T LCR afray #&:

a. UfquTd [ B8 b ORI LA EIATE
¢ dIRATIEAIE  d AH A PIS A8l

Ans:-a.

Q1o0:

Q 11:The no. of turns in the primary coil of a transformer
is 200 and the no. of turns in the secondary is 10.
If 240 V a.c.is applied to primary, the output from
the secondary

a. 6V b. 12V
c 24V d 48V

Q 11 : fore giawmR & urafis B 931 BT AT 200
a1 fgdias sl § BRI HI AT 10 B AfE 240 V
a.c. NTAfi® $UsSH! TR @0 &1aT & a1 fgdias pusat
H 37T3cYe B
a. 6V b. 12V
c 24V d 48V

Ans:- b.

Q 12: Transformer works on the principle of:
a. convertor b. self-induction
C. mutual induction d. None of these.

Q 12: giABTR fow fageid @ oM Sar &

a. ®AdR b. ¥ URUT
¢ 3R UROT d. SAHJHISTES
Ans:-c.

Q 13 :In pure inductive circuit current
a. lags behind emf by 11/2
b. leads the emf by 11/2
c.  lags behind emf by
d. leads the emfbym
Q 13: [G&I YXhed Uvay F faega emsn
a. fagddares ad An/2 HOTA WS Edr 2|
b. fdgd aresd g1 A m/2 DIV 3 TG &l
c fagdans gd A m HTH NY &rar 2l
d. fagd e g A 7 DT A AT IGIC 8l

Ans:- a.

Q 14: The average power dissipation in pure inductance
or capacitance is:

a.  1/2L1P b. 3/2CV?
C. either (a) or (b) d. Zero
Q 14 : (G SRBed AT FHerTfea F 3itwa afa sraarg san &
a.  1/2L1P b. 3/2CV?
¢ A @I (b d [
Ans:-d.
PHefT-12 (ftfaehn

Q 15: Capacitor acts as an infinite resistance for
a. D.C b. AC

C. Both A.C.and D.C. d. neither AC.nor D.C.
Q 15 : T 379 ufoRe & +9 3 &rf Hrar @

a. DCH b. ACH
¢ AC3RDCESHI® d TdAIACTEDCH
Ans:-a.

Q16: The core of transformer is made laminated

because:
a.  Bydoing this the current of high power can be
obtained.

b.  Bydoingthistheloss of energy can be reduced.
c.  Due to this transformer looks good.
d.  None of these.

Q 16 : TIABTHT B PR P aifie foan s1rar & F4ifs:
a.  UdT H U 3 27T ol dic UT fopdr T

TPl 8l

b. UHT & A H31 I &4 I H fopar 31
THdT &l

¢ SU® BRI B 37T feTdr &l

d. STHI DS TE |

Ans:-b.

Q 17 : The peak value of alternating current is | . Its root
mean square value will be:

a. 1 /v2 b. 1,/2
C. /21 d. None of these.

017:9;!;n1aﬁam &1 T A lo | FHET g "1ed a7 7

a I N2 b.

/2
c l/2m d FTHAPIESTE
Ans:-a.

Q 18 : In a step up transformer the number of turns in
the primary and secondary coils are respectively
N1 and N2 ,then

a. N1> N2 b. Ni<N2
C N1=N2 d. Ni1=0

Q18: U R 379 A% ¥ urafires 31k fidas sise
GHTAT Y HWAT HHM: N1 R N2 & T,

a. N1> N2 b. Ni<N2
c.  Ni=N2 d Ni=0
Ans:-b.
Q 19: What is the reactance of a capacitor in a D.C.
circuit ?
a. o© b. Infinity
c 1 d. None of these
Q 19: D.C. ufvay o Fenfe A ufawra ot &2
a. o b. 3
¢ 1 d STHA DI
Ans:-b.
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Q 20: The transformation ratio of step up transformer
is:

a. Equalto1 b. Lessthani

C. Greater than 1 d.  Not certain.
Q20: RY 39 THABIHR BT gfacd-T 399 &

a. 1D WS b. 1A DA

¢ 13 3fge d fFAfRgdasial
Ans:-c.

Subjective Question (fAeafs usn |

Q1: What is alternating current? Define Peak

value,Time Period and frequency of Alternating
Current.

Ans : - An electric current whose magnitude changes with
time and polarity reverses periodically is called
alternating current. The current obtained by dynamo
and generator is alternating current.

The sinusoidal alternating current (a.c) is expressed
as [ =l sin wt

where, [ = the maximum value or peak value or
amplitude of a.c.

=21 /T=2mf is called angular velocity
T=time period and
f = frequency.

The variation of a.c. with time is shown in figure.

L
T ]
]
T. 3l
rol_3 A2 @ Ji
T . IT 2T
NRAN
I
R ! —

() Amplitude or peak value: "The maximum value of
alternating current in any direction is called its am-

plitude or peak value”.

In expression of ac, I =I; sin ot I is amplitude or
peak or maximum value of alternating current.
(i) Time-period: The time taken by alternating current
to complete its one cycle is called its time-period.
If angular velocity of coil is @ then time-period
T=2m/0

Frequency: Number of cycles completed by
alternating current in one second is called its
frequency. If frequency of ac is f and time-period is
T, thenf=1/T

UdTdd] &RT &1 &2 UdTad! gaRT & RiEw 9119 a1
T, 37Tad HId 3R 3119 &Y ufuiia &

IR :- U fag[a a1 et ufvmmor 3y & A7 eadn & 37
37adt 9 A ufafdd gt & 39 uTad! e
wm%lmaﬂ?mmmmm

(iii)

Q1:

HeT-12 (ifahn

{85}

ITRT &I &l

JTad] &R (a.c) T 0 &b ¥ H ouad fopar
ST 81 1 =1, sin ot ..(1)

5781, 1= UcdTad! &RT b fRI%R |1 1 1A 8

=211 /T=2mif. PIUNT AT &

T= 37Tad BT 3R

f = 37qf<l

W@F’Tmasma?r T Imy & Ty O o feman
T

I,

FNTEE S

- — ———

_]0

3raTH 7 fIaR 0T ot ot feom o uaaradt e
& 37T U= &1 3T T 3TTH 97 fRIER 319 &al
STTell &1 UATae! eRT 1 =1 sin ot § 1= TATddT &R
&1 FRIER W1 47 AT # |
A PTed : TATAd] &RT BT 3UAT Yeb Teh [T
B o @ 9Tl gHY T TdddbTel Hed &l aie
Pl BT HIUNG AT o & AT 3T DI, T =2m/o
(iii) (Frequency) : TATd &R §RT U JHUS H
TR [ehY T <IehT ol HBAT T 3HDBI 3Tl Hed &l
e gaTad &1 BT 39 f & 3R FHg-31afa T8,
arf=u/T

(M

(i)

Q2: What is the frequency of alternating current
supply in India? What is the frequency of direct

current?

Ans :- The frequency of alternating current supply in India
is 50Hz and the frequency of direct current is OHz

Q2: YR H 3MYfd H yaTad! arT Hi gy Far § 2 e
: &RT &Y 3Tgi @ &2
IR - wﬁmmﬁmmqﬁ@raﬂqﬁrsom%aﬂ?

fC® gRT &1 3TgTT OHZz B |

Q3: Why is the use of a.c. voltage preferred over d.c.
voltage? Give two reasons.

Ans:- 1. AC. voltage can be easily increased or decreased

2.A.C.voltage can be easily converted into D.C.

Q3: AC. &I 399N D.C. ¥ 37feres gdEier dieest & 9 o
T4 ot s1TaT &2 ) HROT A1

3R ;- 1. IATad] &RT BT AT A §@1aT 91 gerdr 517
THhdl &l

z.g?qm?ﬁ‘erma?ramﬂ"rﬁ D.C ¥ §&T 31T ThdT
|
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Q 4: Write differences between AC and DC

Ans:-

Alternating Current

Direct Current

In AC the flow of current
changes its direction
forward and backward
periodically.

It flows in a single direction
steadily

The frequency of AC is
dependent upon the
country. But, generally, the
frequency is 50 Hz or 60
Hz.

DC has zero frequency.

Electrons in AC keep
changing their directions -
backward and forward.

Electrons only move in
one direction.

ACis easy to be transferred
over longer distances

without much energy loss.

DC cannot be transferred
over a very long distance.
It loses electric power.

Q4:
3dR:-

yTad! &R 347 fow ey § 3R fAfag |

JTad! mRT

f&F grr

JTad! gRT ¥ I9g-99g
W gRT & YdIe ol feem
?ﬁﬁ?tﬂ@aﬁ?ﬁ?ﬁ
|

&y arr s & e o
TR 981 &

Tl SRT ST 3Tqf Q=T
R R 81 @fee, 3 iR

TR, 37f 50 Hz T 60 Hz
Bl &l

%ﬁgmﬁ?ﬁmﬁ?ﬁ
|

UdTad] ORT H SHdei-
37 &= 3mY 3R die
JCod B 6 |

sdcid ham Ud fem o
UIGK GRS

TTad] &R I o6l g3t
SEACRIESIAEEIRIEES
HTART HRAT 3T E |

f&¥ ORI Bl I8d oAdl g3
R WHEIART T8l fosar 511
Hbl 8l s faga aufae
I ar sl

Qs5:

Ans:-

Define mean or average value of alternating
current. Derive an expression for the average
value of alternating current.

Mean or average value of alternating current is
that value of steady current which sends the same
amount of charge through a circuit in a certain time
interval as is sent by an alternating current through
the same circuit in half cycle.

Derivation of Expression for mean value of a.c.

Let an alternating current be represented by,
I[=1,sin ot

The charge sent by the alternating current I in time
dt is given by,

dg=1Idt=1; sin ot dt (since I=dg/dt)
Therefore, the charge sent by a.c. in the first half

HeT-12 (ifahn

Q5:

3R -

cycle (ie.t=0to t=T/2) is given by,

[da=[ % L sinwtdt

" - A
_ : _ cosawt |2
q= Io[ sinwtdt = I, [7(1) ]

0

=-gu—0[coscut]%

(27T/T) COoSF T ] (. w=2m/T)
q=-12°; cosz%x%-COSO]

=- Izog [cosm - cosO]

IO T] (.- cosm =-1and cosO =1)

So, 0)
Let I, be the mean or average value of a.c. over
positive half cycle, then the charge sent by it in time

T/2 is given by

q=1I,X %
According to definations, equation (i) = equation (ii)

So,

T LT
Lo X 2T
or, I, =21 =0.6371,

Mean value of an a.c. over half cycle is 63.7% of its
peak value.

TATdd! &RT & q1ed T 3HtEd A & afvarfea
mﬁﬁulmﬁ?ﬁmasaﬂmmasﬁumm
I
&RT T Fad 7 51 Tt ufgy o fot
I TIATRTA o 371327 &1 31 & I3 U
Pl & Fat 3 aRuy & ggrad faed amn
& HEED GRT UCT Y ST &, TeTacl! &R bl
1&g I7 3iiad T HEeTar 8

TTdd €RT T °TeA 97 379d 719 & AU a5
CAKC S IE

A @150 fos Ueb Tedradi eRT b 1=1_ sin ot GRT
fua fearsar g

TTad! €RT 1 §RT 3769 Y 371 dt § 9317
T 377937 59 UhR ST ST &,

dg=1Idt=1_sin ot dt [T 1= dg/dt)

AU, Uee 3T b H @1 t=0 A t = T/28
Wm?gam.mﬁmwmwsﬁwﬁmm
THATL |
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Qé6:

Ans:

Qeé6:

Q7:

Ans:

f dq = /(; %Iosinwtdt

I
0

% : -coswt
q = Io[ Slna)tdt = I() [T]

Z-%[coswt]%

N t]/
AT T
q=- 120; cosz% X % - cosO]

=-LT [cosm - cos0]

(w=27/T)

2r
=-12°;£[-1-1] (.- cosm =- land cos0 = 1)
s q= ot 0

O B lav TG IRT & TATHD 37T Ah DT
HTem T 3719 d 7 & ) 1/2 999 W S0P gRT USH
fBaT maT 3T s UpR AT STaT® |

_ T
q=lu X5
TRATT3MT &b 3TTATR, HHTBT (i) = FHIBT (ii)

sHfe,

T LT
Loy X 2
or, L,=2 = 06371,

u?qm?ﬁermasaqmmaawrﬂmwm 37T A
3TPh ARG (@H) 7 BT 63.7% BIdT &l

What is the average value of A.C. for a complete
cycle?

- The mean or average value of A.C. over a complete
cycle is zero.

foeit quf asp & yearad &RT &1 3fHa A FaT AT g ?

- U QR I H UATad] &RT BT HIed AT 3 71 -

BIaT 8l

Define Root Mean Square value of alternating
current. Derive an expression for the rms. value
of alternating current.

- The root mean square value of alternating current
is defined as that steady (constant) current which
produces the same amount of heat in a conductor
in a certain time interval as is produced by the A.C.
in the same conductor during the time period T (i.e.
full cycle).lt is represented by Irms.

Derivation of Expression for rm.s. value of a.c.

Let an alternating current I =I_ sin ot flow through
a conductor of resistance R for time dt. Then, heat
produced in the conductor is given by,

HeT-12 (ifahn

{87}

Q7:

dH=1?Rdt=
Or, dH =I 2 R sin? ot dt

(I,% sin? wt) Rdt

Now heat produced in the conductor, when current
flows for time period T (i.e.fromt=0to t=T) is given
by,

— T 2 a2
/dH —_[ I’,Rsin’wtdt
T .
or, H= IzoR[ sin’wtdt
Since sinwt = ( 5
T
IR [T
= OT[ (1- cos2wt)dt

- IZOTR['O/Tdt—[T(COth)dt]
_ IZOR[[t]T _[sin2a)t H

1 - cos2wt )

2 [ 2w
2 T
- Lo > [(T 0) s1n2 X 2%]0] ( 0= ZT”)
2
=L R[T-— s1n2 X ZTF- sinO)]
IZOR . oy —
or, H= T (o sindr =sin0=0) ........ eqn(1)

Let Irms be the rms. value of ac. which flows
through the conductor of resistance R for time T.

So, Heat produced in the conductor,
H=T1"_RT B—(])]

According to the definition of rms. value of ac;
equation (i) =equation (ii)

2
So, I’ RT = I Oé{T
Lo

IKTHS = 7=
or, /2

Tddl 8RT & qI-A1e0-Jo A1 B a1 Sl
YTacl &RT & II-ATE0-G (rm.s) 7 & AU 516
A B

=0.7071,

3R ;- TSI €MRT BT aTf H1ed Jod HH 39 fRR gR1 b

IR BT & 7 fopd) I1eiss o fopeht AfYaa awg
3IRTA B 3d1 FHHT 399 Hdl & fra-r fb 3t
TS I 3TacdbTe T (3T gof aeh) & SRE 309
B 31 2 Irms. gRT wefRfd STt 8l

ATt gRT & q-ATEA-HoA (rmis) AH & {0
e

HHET S gdTad! ORI =1, sin ot IfATE R S TH
ATeid & HTEAH T YdTiad &l ) & Y Treicp o
376 JHY dt § 399 T 39 UhR &1 T 8,

dH =12 R dt = (I ? sin? wt) Rdt
7, dH =IO2 R sin? ot dt

3d ITeieh B 3cUH 31 516 IR 3Tad bl T (37Uid
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Q8

t=0td t=Tdd )P MU UaTed &l dl 3T UBR Gl
ST gHhdl

Qo9:

T .
/ dH = / I’ Rsin*wtdt
0
T .
or, H=TR f sin’ wtdt
0

Since sin’wt = (%)

Mo [Tty

_ AR
2

lT(l - cos2wt)dt
- IZO—R[J[Tdt—J[T(cos%)t)d‘[:
IzoR [[t [sm2wt] ]

2 T
-1 OR[(T 0)- o [st XZTH- 0] <(u :ZT”
2
1 ER [T - %(sin2 X 2T - sinO)]
I’ R . )
or, H= % T (.-sindr =sin0 =0) ........ (1)

HHET DT Irms FATa 7R &1 aTf ATEH ol 7 & 311
%m$ﬁURqﬁ?’ra$Wﬁ@rwﬁam
|

37cT: ITeTes o 30T BT, H=F_RT

gTad] gRT & aif HTed Jol HE bl qRYTYT B
AR, AHIBRUT (i) =FAHIDBROT (ji)

I,RT

2 _ 0
FpRT =12
L.= 1 = 07071,

/2

¥ & fob gATad &RT &1 aTf 71ed gl 79 30D
ﬁ@wﬂamw%a’m%l

: The instantaneous current flowing from an ac

source is | = 5 sin 314 t. What is the rms value of
current?

Ans:- The rms value of current is

Q8:

3R : -

Qo9:

5

Irn‘s=L= > > since [, =
V2 2

UH A C A1 A 969 dTeil dTehIfaicb &MRT 1 = 5 sin 314 t
&1 fae[a a1 &1 rms A9 F9T 80T 2

&TRT BT rms HTT BT

1ms - \/— \/7 = SIHCG I() 5

The root mean square value of alternating
electromotive force is 180V value. What will be
its peak value?

Ans:- Eo=v2 Erms =1.414 x 180 =254.52 V (since Erms=Eo

HeT-12 (ifahn

N?2)

gdTadi dTeh a1 T aTi HTed ol | 180V U
2l mﬁﬁ?ﬂm)m am?nnvqﬁ

3TR:- Eo=v2 Erms =1.414 x 180 =254.52 V (?:[FOB Erms=Eo

N2)

Q 10: An alternating emJf. is applied across an inductor.

Show mathematically that the current in it lags
behind the applied emf. by a phase angle of 1/ 2.

Ans:- Consider an alternating source connected to an

ideal inductor of inductance L as shown in figure.
Such a circuit is known as a purely inductive circuit.

T
dr
L
a.c, source
V = Vg sin ot

The alternating voltage across the inductor is given
by, V=Vosinot ... (i)

The induced emf. across the inductor = - Ldl/dt
which opposes the growth of current in the circuit.

As there is no potential drop across the circuit, so,

dl dI d _Vv
V+< dt) OorLigg=Vor =1
Using equation (i), we get,

g{ XO sinwt or dl = \L/,O sinwtdt

Integratlng both sides, we get,

[ar=

sma)tdt L f sinwtdt

I= %(__cos)wt > = ﬁ(-cosa)t)
(-coswt) = sin(a) - %)
and peak value, [, = A/
p " L
Or, I=l sin(ot-1/2) (ii)

Comparison of eqn. (i) and (ii) shows that in this case
the current lags behind the voltage by an angle of
/2.

| Phasor Diagram
(B)
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Q10: U ISP IR U UdTad! faeld a1ees ao1 (e.m.f) ITTAT
SATaT §1 Ot ¥ | yafid &Y s suE ar srdva
faeEra atess 9@ (emf) A /2 & HelT HIOTA B &1

3R ;- HFT DI Uh TATad! 9id U i IRep LA f”*iF

H <RIy 3R 531 € | U uRuy 1 j[qe ¥4
URbcd URUY aswframsn?n%I
L
— IO
dl
-L Hl_
a.C. source
®-
V = Vj sin ot

HRITUT gdTad fagld aresh a1 g9 UbR  fear
ST, V=Vosinot ... (@

TRBHd & AR R ARG qEH I =- LdI/dt 3T
TfRay F eRT Y g el bl [aR1er el &l

Yfes gy & fERT IR DI fawg ua =€l e1dT &,

’

dl dl d _ V.
V+< dt) OorLdt VorE—L

THIFHIOT () BT 3TGNT BB, TH TG B &,

% XO sinwt or dl =

T IR THTHMT B TR EH UTd & bl ,

f dl = / L “sinwtdt = L f sinwtdt
1= &(M) _
L @

\I/,O sinwtdt

—Lc(()) (-cosa)t)
. _ T
(-coswt) = sm(a) > )

Vo
Lw
7, 1=l sin(ot-1/2) ..

BT () 371 (i) HY u's'a%ﬁﬁr%a?r GIR:
EIFT“@NIRTIn/z $Ii‘ﬂwguﬁ®%| fae

and peak value, [, =

Phasor Diagram
(B)

Q11: What is inductive reactance ? Draw a graph
showing the variation of inductive reactance with
the frequency of the a.c. source.

Ans : - The opposition offered by the inductor to the flow
of current is called Inductive reactance. It is given by
X =WL

HeT-12 (ifahn

Xy

f

11: WRfoTe yftema Far & yamEdl ar1 & mEfy &
1y W=oTes ufaara &1 fagar &1 g2 areT g urs

101
3R ;- UReh gIRT &RT b UdTe § IR 37aR1er URf0Th ufdemd
e 8l T8 X =WL gRT feAT SATam 8 |

Xy

Q 12: What is the reactance of inductance in a direct
current circuit?

Ans:- Since, X = Lo = Lxarf
And f = 0 for direct current

Therefore, X =0

Q 12: fpa fer arT uftay & ORepa &1 ufaura a1
BT ?
IR :- Jfop, X, = Lo = Lxanif

IRFETeams f@Ti=0
iy, X, =0

Q 13: An alternating emf. is applied across a capacitor.
Show mathematically that the current in it leads
the applied emf. by a phase angle of 11/ 2.

Ans:- Consider an Alternating source connected to a
capacitor as shown in Figure. Such a circuit is
known as a purely capacitive circuit. The capacitor
is periodically charged and discharged when
alternating voltage is applied to it.

A.C. Source

&
s
V=V, sin ot

The alternating voltage applied across the capacitor
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is given by

V=V, SNt ol

Let g be the charge on the capacitor at any instant.

Then potential difference across the capacitor,

Ve=a/C )
Since V.=V
q

So, =V =Visinwt (usingeqn(i)and (ii)
So, q= V,Csinwt

d )
Since, I = d_(tl = —d(vocéimwt)

0

= V,Cwcoswt = \1/ coswt
(W)

Since, coswt = sin(cut + %)

So, I=1, sin(a)t + %) ............. eqn(iii)
where I, = % = ;é(’ = the peak value of A.C.
)

and X. = (Cl—) = capacitive reactance

Comparison of equations (i) and (iii) shows that
current leads the emf. by an angle i/ 2 in a purely
capacitive a.c. circuit. Time diagram and the phasor
diagram for the same is shown in figure below.

Time diagram
1A

Phasor diagram
B}

Q 13 : U iy & fiRT 9R U wdad] faed aresd 9o
(emf) BT 2l MO ¥7 | yaflRia & 5 sad
&RT BT faeld 916 o (em.f) A 11/2 B HeAT PHI0T
| 3T e 21
ﬂ:-g?uﬁm%wﬁyg&mﬁ?cﬁ
| <1y (AR 33T % | g P AR
TG F FITRA gad gglm aswﬁsrmsrmlzﬁl
HRITUT UATad fde[d d1eh g1 gRT HETRT Dbl
TIY-HG IR 9151 3R st fosan siran 8l

I__

A.C. Source
(G

V=V sin wt

HeT-12 (ifahn

Q 14: What is

HfE W IR gTad! fagd ared It g9
UBR fEATFATATE, V=V sinot ...

AT Y q fomft g or e R 37T & |
Fenfa & IR o favatar
V.= q/C (ii)

Since V.=V

q

So, =V =Visinwt (usingeqn(i)and (ii)

So, q= V,Csinwt

d )
Since, I = d_(tl = d(VCsinwt) %imwt)

0

= V,Cwcoswt = \1/ coswt
(@)

Since, coswt = sin(cut + %)

So, I=1, sin(cut + %) ............. eqn(iii)
where I, = < \1/0 = ;éo = the peak value of A.C.
ca)

and X. = <C1—) = capacitive reactance

FHHIOT () 37R (i) D JAAT F IdT IeAdT & B
Tl &RT gATad qTEd §cd A 11/2 DIUT
J M BT ¢ far[ger ¥ A FarlA gyrad] gikuy
H A9 3G 3R 3 & [y Fraied 3wE A
o o femar mar 8|

capacitive reactance? Draw a graph
showing the variation of capacitive reactance
with the frequency of applied alternating voltage.

Ans:- The capacitive reactance is the effective opposition

offered by a capacitor to the flow of current in the
circuit. It is given by Xc=1/(Cw)

'y

X

TC

b J
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Q 14 : Fenfa ufcrama a1 &2 yearad] grT Hi 3ghi & |
i gfdard &1 fimar & a3 9 v T
41U

3R - TTRA GRT &RT & Ud18 § 3TRITUT 37916 JeTia
yfdard Hed &l T8 Xc=1/(Cw) §RT fear STar & |

'y

X

TC

b J

Q 15: What is the phase relation between current and
voltage when (i) an inductor and (ii) a capacitor
are present in the circuit?

Ans:- (i) In case of an inductor, the voltage leads the

current by an angle of m/2.

(ii) In the case of a capacitor, the voltage lags behind
the current by an angle of m/2.

Q15: ERT 9T dleedT ¥ T HAT G- edT & 519 gfgy §
(i) ORped AT (i) TEmiT T 8l ?

3R ;- () WRbed b FAfa & dreedr gRT A n/2 HIoT

37T & Bl
(i) Femfa o1 Rfq #, dieedr oRT & n/2 HIoTH
e & &l
Q 16 : What is the unit of reactance?
Ans:- Ohm( Q)
Q 16: UfddTd BT AT AT T 8 ?
3W:- 3H(Q)

Q17: What is the reactance of a capacitor in a DC
circuit?
Ans: - Since, X_=1/CW =1/ (C2rrf), and f = O for direct current

Therefore, X =co (infinity)

Q17: fer arruftay & Ferfa ST ufdaa FTaaré »
IR~ Jfeb, X_=1/CW =1/ (Comf), 3R eT a1 &6 fw f= 0

AT, X_=co (371)

Q 18: Using a phasor diagram, derive the expression for
impedance of an a.c. circuit containing L-C-R in
series. What is meant by resonance of this circuit
and find the expression for resonant frequency.

Ans:- A circuit containing inductor of pure inductance
(L), capacitor of pure capacitance (C) and resistor
of resistance (R), all joined in series across an a.c.
supply, is shown in figure.
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L

Vg —
N Vi——tte— Vc —s——VR =

{

-

V=V, sin of

Let V be the rms. value of the applied alternating
e.mf. to the LCR circuit.

Let I be the rm.s. value of current flowing through all
the circuit elements.

Phasor Diagram:

This potential difference or voltage leads current
I by an angle of /2. so V_is represented by OB
perpendicular to the direction of L

The potential difference across conductor C,
A ) G (ii)

This potential difference or voltage lags behind the
current I by an angle of /2. so V_is represented by
OF perpendicular to the direction of L

The potential difference across R,
Vi=IR (iii)

This potential difference or voltage is in phase with
the current. Since V, and I are in phase, so V, is
represented by OA in the direction of L

SinceV, andV_areinopposite phases, their resultant
V|-V, is represented by OD (Here (V >V ).

The resultant of V_ and (V_- V) is given by OH. The
magnitude of OH is given by
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_ 5 N N 7 lezmﬁiﬁlmaﬂﬁmLCRﬁ'Uﬁmﬁ?ﬁﬂm
OH = /(OA”+0D") =/ V% + (V. - Vo) R &1 ST & Y S a7 ST e
= J/V%+(V, - V.) g P 37ATE A FAT a9y § 797 371E) 3Tqfay

or, V '\/V (.V V) fou o151 U HfF01
Using equation (1), (i1) and (1i1), we get IR - - fapait Ofyay & oree 0ROt (L), C enfar & Fenfar
T R UfaRTer 1 A0Ticha o 51131 ST & sty s o of

V = /(IPR* +(IX, - IX.))

1T mar &1 6T LCR U9y o gaTiEd gardd! fagd

=1/(R*+ (X, - X)) 76 aod T it HTE 5o V B
or, ¥ = (Rz + (XL - Xc)z) L &
or,Z = J(R2+(X, - X.)})

Where Z is the total effective opposition offered by
LCR circuit to A.C. called impedance of the circuit.
Impedance (2) of LCR circuit can be represented
diagrammatically by Impedance triangle as shown
in figure below.

B

XL-X¢)

Z=J(R*+(X.- X))

(X:
(o)
- <R +(LW'CW)>
Electrical Resonance is said to take place in a series
LCR circuit, When the circuit allows maximum
current for a given frequency of the source of A.C.

supply for which capacitive reactance becomes
equal to the inductive reactance.

V _ \Y
Z R+ (X X))
From this equation it is clear that current T will

be maximum if the impedance (2) of the circuit is
minimum.

since, I =

So, For electrical resonance,

Vg —¥

fre
S
V-Vo sin of

g1 9Rgy & TfY 3799al § J YaTied 815 dlel] €M7 &l
Fif qrer A A 18

TIOT 3TG:

OReped o FIRT IR fAHaT=iR, V, =1 X o (0

g fqUa =R, &RTT Y /2 0T A 317 & =137d: VL BT
ETRT 1 1 21T & ™iradd OB gRT U< f2id fopuT 5T Iahdr 8l

HTRA & FART R fAHaTR, V, =1 X i)

g fIUaT<R, IRT I A 11/2 BT H YTy 38T 8137 VC BT
gmmﬁﬁ%n%mmmq‘cﬂﬁmmm
|

gfarter & R R favaiar, v, =1R
g8 fauaT=iR, &RT 1 & A1y ATHH S 5 21 b v,

% =X, ﬁ?lwaﬂﬁégﬂﬁuv BRI T e
or. Lag — % OA gRT TR foaT 517 el 21

’ fw° I v, 3R v, fawdia e ° & safau 576
or, W= T GROTHY (v,-V,) T OD gRT =TT 7T &

1 R AVEAY
or, Wy m
) V, 3R (v, - V) &1 ufRoTH} fgwar=iR OH gRT yefRfa

0r,2ﬁfo=ﬁ %mmm%l
or,fo:rnl/ﬁ = JIOAT+0D?) =/ Vi + (Vi - Vo)

At this particular frequency (fo), the current
amplitude in LCR circuit becomes maximum This
frequency (fo) is known as the resonant frequency
and the phenomenon is called electrical resonance.

or, V= \/VZR + (VL - Vc)2
Using equation (i), (i1) and (iii), we get
V= /(PR*+(IX, - IXc))
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= 1y/(R*+ (X, - X))
or, 1 = /(R + (X, - X))

or, Z =/ (R*+(X.- X))

STl Z LCR URUY gRT UdTad! &RT &1 faudia
gyTdT 31 &, 5 afvay o1 ufaaren a1 srdan
&l LCR URTY & UfdaTe (2) 1 gfdaren st giR1
3RENTT TG A <2117 57T b1 & ST fop g T o
fegmar ma B

B

(XL-X¢)

-

0 R

Z=(R*+(X.-Xc))

el

cw))

gfe feaY LCR 40ft afkgy # fosslt &1 18 3rqfc
HI TIdd! IwAqrs & ferg e gfaera aur
Rt ufdard &1 319 SRR & 94T 9kuyg §
Yarféd &rT 3ffaehad & 1 g fRifd o1 fagldia
3TI1< (electrical resonance) el STdT gl

N
J(R*+(X, - Xc))

3T IHIHR0T § I8 WF & fb a1 31ferdsan s
gfe afyuy 1 yfderar ) gAaH & |

Elglet 31ATe & fg FearRa gfdard quar
m%wmwﬁm,

XL:XL

n I=X
since, 7

or, Lw, = CLC()O

1
2
OI‘,C()O—LC

or, W, = JI{—C
or, 27f, = ﬁ

1
f=—>b
oL /LC

T3 4919 31q1R (fo)UR, LCR UfRUY H &RT 31faIehad

&1 71T 81 89 3 gf (fo) T AT TR &b T
ﬁam;m%aﬂ?sﬁgﬂaﬁﬁqamm
ST B

Q 19: Give the phase difference between the applied

ac voltage and the current in an LCR circuit at
resonance.

Ans:- The applied ac voltage and the current in an LCR

HeT-12 (ifahn
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circuit at resonance are in phase.Hence phase
difference = 0.

Q19: 3TTAIE W U LCR Tfraq & @] gaamad areest 31k
&RT & 19 HAT AR 41U |

3R : - 3G R TS LCR e ¥ gaad! dieest 37
gm‘mﬂﬂaw Y1 €1 gafeiy HreTiaR R 8T

4

Q 20: Whatis the phase difference between the voltage
across the inductor and the capacitor in an LCR
circuit?

Ans: - The phase difference is 180°.

Q20: U LCR Ufqy ¥ URep 311 Tenfyd & aeest & o &1
HAT 3R T &2

IR ;- PAT 37AR 180 ° BT &l

Q21: Describe the principle, construction and
working of a transformer. Why is the core of the
transformer laminated?

Ans:- Transformer is a device used to convert low
alternating voltage at higher current into high
alternating voltage at lower current and vice-versa.
In other words, a transformer is an electrical device
used to increase or decrease alternating voltage.
Types of Transformers
(i)  Step-up transformer: The transformer which

converts low alternating voltage at higher
current into a high alternating voltage at lower
current is called step-up transformer. In other
words, a step up transformer gives increased
alternating voltage output. Symbol of the step-
up transformer is shown in figure(A).

® ®

— i —

(A)

Step-down transformer: The transformer
which converts high alternating voltage at
lower current into a low alternating voltage at
higher current is called step-down transformer.
In other words, a step down transformer gives
decreased alternating voltage output. Symbol
of the step down transformer is shown in
figure(B).

(ii)
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Principle: A transformer is based on the principle of
mutual induction. An emdf. is induced in a coil, when
a changing current flows through its nearby coil.

Construction: It consists of two separate coils of
insulated wire wound on the same iron core. One
of the coils connected to a.c. input is called primary
(P) and the other winding giving output is called
secondary (S) winding or coil as shown in figure
below.

il
11111
&

FR

The primary coil is connected to a source of
alternating voltage (Ep). The primary coil along with
a source of alternating voltage is called the primary
circuit. The output alternating voltage (Es) is taken
across the secondary coil and the load is connected
to this winding. The secondary coil along with load
is called a secondary circuit.

Theory: When an alternating source of emf. Ep, is
connected to the primary coil, an alternating current
flows through it. Due to the flow of alternating
current in the primary coil, an alternating magnetic
field is produced and hence changing magnetic
flux is linked with the coils. This changing magnetic
flux induces an alternating emdf. in the secondary
coil (Es). Let Np and Ns be the number of turns
in the primary and secondary coils respectively.
The iron core is capable of coupling the whole of
the magnetic flux ® produced by the turns of the
primary coil with the secondary coil.

According to Faraday's law of electromagnetic
induction, the induced emJf. in the primary coil,

E: =-N, %—gtb ................ (i)

The induced emf. in the secondary coil,

Es ='NSC:1—§? ................................... (ii)

HeT-12 (ifahn

Dividing (ii) by (i), we get,

Es _ Ns

Er Np

Es _ Ns _
OI',EP _NP _K

E
Where, K= E_1S> = Turn Ratio or Transformation Ratio
Caseli): K< 1 for step down transformer.
In this case Ns<Npand Es<Ep

i.e. output alternating voltage< Input alternating
voltage.

Caselii): K> 1 for step up transformer.
In this case Ns>Np and Es>Ep

i.e. output alternating voltage is greater than the
input alternating voltage.

For an ideal transformer (in which there are no
energy losses),

Output power = Input power .. (iii)

Let T and I be the current in the primary and
secondary coils respectively.

Then, Input power = EpIp
Output power=E ;
From equation (iii),

EsIs = EPIP

E 1 .
or,E—ls) = I—Z ............ eqn (iv)

1
or, Ea/T
Egn. (iv) shows that for the same power transfer,
voltage increases with the decrease in current and
vice-versa Thus, whatever is gained in voltage ratio
is lost in the current ratio and vice-versa.

So, a step-up transformer increases the alternating
voltage by decreasing the alternating current and
step-down transformer decreases the alternating
voltage by increasing the alternating current,

For a transformer, efficiency,

_ Output Power  Egl;
7 = TInput Power  Eslp
For an ideal transformer, efficiency 1 is 100%. But
in a real transformer, the efficiency varies from 90-
99%. This indicates that there are some energy
losses in the transformer.

When a changing magnetic flux links with the iron
core of the transformer, eddy currents are set up.
These eddy currents in the iron core produce heat
which leads to the wastage of energy. This energy
loss is reduced by using laminated iron cores. Eddy
currents are reduced in a laminated core because
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their paths are broken as compared to solid core.

Solid Core Laminated Core

HeT-12 (ifahn

with no laminations with laminations
high Eddy Currents low Eddy Currents

Q21: fHHl OB & facar=, T9Tde U1 FAYUTTET BT

avh?ﬁulﬁwﬁﬁ?ﬁaﬁgaﬁqzﬁaaﬁ%m

STt &2
- QPR Ut fagg REREIRHEC IR e
&RT o1 F9 gaTadt & A7 gRT HY 3=

gdrad! dieed! ¥ 947 A9 gRT &1 33 gdrddi
dieed] dI 3@ gRT HI [9 gdrad! aleedl §
ufiafda fosar 51 Iwmdr &1 31ufd |, ciawmiER
UTdc] dloedl Bl 9¢M AT ge™ 5 Ugdd ol
ST aTet gfer &l

E'i'\fl'q?Tﬁ B UPR (Types of transformers)

() ST STABIER ((Step-up transformer) : d&
CIRIBIHR 31T 35T IRT I (Y gTad! dieedl
& A9 gRT I 37 YaTadi areedr § gfafdd
B H UG B1dT 8, 3TN CIAWIHR BTl
Bl 37ufa, 3T erawiHR 3afed gaTdel
dreedt ffd &ar &1 3@l giawiER &l
=) o Fiosfaes w9 o geifar mar gl

® ®

PE———

(A)

(i) 3TIATHI TIABIER (Step-down transformer): a8
cHABIHR 71 A9 gRT 61 3 UdTad] dleed!
& 3 TRT D! A7 gdTadi areedrd gfafda
P U Uga EidT 8, UDrl giwinR
HEATAT &l 37T, 37T IRIBIHR HH 7
&H ydTad! areedr fAfa &dar & 3raTay
cIRIPBIAR %" &I fa=(B) H Fichfad ¥9 o g1iAm
T 8l

C% Semie
(I3)

RIgEm< (Principle) : CIABIER 3T URUT &
fRgerd W 3aTia gfad &l 519 fodl Husall |
g1 ufafcd erdl & a1 sdb e Id pusal
[EEGEIEECOERERI IR

§HTGC (Construction) : TIAIHR H fag]d
A 1 &1 IAT-37AT | BT U &l ™18 ol
IS TR (TUcT AATdT &l U
%npu%‘gﬁ 3ﬂ§,T astﬁ %si%nﬁmﬁﬂﬁmrimary)

(P) a4q71 (Output)
UeT &l 8 98 fgd1de ( Secondary) U (S)

HEATT & |
(?Ep Esi ES
R

UTYfHeh PUSH! bl UATdd! dleedT (Ep) b Ald A
SST AT Bl wTufie TAT gTdd] areedr
& HId I 94 gRuy H1 grafies akay &ar sirdn
&l fgdiasd Ppusall A fid gmad! aleed (Es)
UT I STdT & TUT 3] A8 (Load) | ST STTdT &l
fedaed PHUse! YT oI A & URUY Bl fgdias

gfay o581 7T &l

il
11111

HRAT (Theory) : 516 Ep Tag[d I8 Fe1 garel fopl
UTad Hd bl UTATH HUsHl A STST a6 dl
ZHH UTad] &RT YdTied sl 8l Urdfies pusal
ﬁmﬁ@mﬁﬂm&mwﬁ
JrachIg & 3 GRIESIGIVES TR

URIT JhIT T Fragel 36T &l I8 aRadi
me?ﬁﬁmﬁ?ﬁ
qrech a1 (Es) UTRd BT &l T Np TUT Ns ShHRT:
T dy1 fgdias | 5 ORI bl HAT
&l ©18 P IS UTATHD HUSH b BRI GRT ST
JIEDHIY T & I guid: fgdtad Hosall A
TGy PRI Bl

SR TEDHIY YI0T & FRAgen= & 3R,
mvﬁm%ﬁﬁﬁaﬁmaﬁéaﬁ

EP == NP% ................ (i)

fecdTas Heeit 7 URd fagld aree 9,
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d¢

Es == N g s (i)
BT (i) T FHIBIOT () A U7 ST YR 8H UTA &,
Es _ Ns
Er Np
Es _ Ns

OLE TN, K
W _Es _ . N
here, K= E. Turn Ratio or Transformation Ratio
P

Casel(i): 37T TTABHI & fU K < 1 8O 39
farfa s

N, <N, FUTE <E,

31yidq, frfa gamadt aleedr « ol gamadi

areedT

%ase(ii):ﬁTﬁE‘Tﬂ'qﬁ'ﬁ? & fAU K>1 8T 39 fRafa
No> N, TUTE > E,

31yid, Frfa gamadt dteedr > i gamadi

aleedl

ot 3mef eiawidR & fag (G 18 3t &1

EHGIN

fta erferr =faft arfem.. (iii)

HET 1, T [ SHHRT UTA i a7 fgcdias Husimgl
ﬁua'rf%ﬁzﬁmvﬁarm%l

GIREUGNICSEINN
Faeft arfad = £ 1,
THIHIT (i) A,
Esls = EpI»

E I .
or, ES IP ............ eqn (iv)

1
or, Ea I

THIHROT ST & fop T 2Tford TR ot
& MU, &RT g™ WR aleedl 9&d! & aUT IR 9
TR dleedT gcdl &l

37 dleedl B 3T &9 8ar & awy

T H 31 &1 8T &lcll & YT 37T fauid ot

T Bl 3Ty 3T STOBIHR T &RT &1

"eTd §U UTad] aleedl ol §GIdT & a7 3Taardt

wwmﬁm@mm
gerdr &l

forul gk & iy, T&rdT (efficiency),

Output Power  El;
Input Power ~— E:lp

fopeft 31TeRl IR & foi T, G&IdT 1 =100% BTcit
& IR T3t ATaeTiies CHAwIHR & fey, G&fdT 90

HeT-12 (ifahn

A 99% A &ld &l F& 1Tl & fob ZAmIHRl § oo
F31t &1 &It &

ST IR 1 W18 15 I Ufad] qraehig Foad
g fopgT SITdT & A1 AR eIy 309 Bl 8l ¥
TR ERTY @18 b1 opIg T 37T 3cUd hecl] & frad
H311 I &1 BTl &1 37 H31! &1 DI Gefoid w16
1S (laminated iron core) & 3TN GIRT A fopuT
ST b &l Ueford i H aR &RTY & &1 ST &
aﬂ?ﬁa%ﬁaﬁg$wﬂwq€ﬁﬁﬁgﬁmw
[ |

Solid Core Laminated Core

with no laminations with laminations
high Eddy Currents low Eddy Currents

Q 22. Explain various energy losses in the transformer.
Ans:- The various energy losses in a transformer are as

follows.

(0] Copper losses: Energy lost in windings of the trans-
former is known as copper loss. Primary and sec-
ondary coils of a transformer are generally made of
copper wires. These copper wires have resistance
(R). When current (I) flows through these wires,
power loss (I’R) takes place. This loss appears as the
heat produced in the primary and secondary coils.
Copper losses can be reduced by using thick wires
for the windings.

(i) Flux leakage losses: In the actual transformer, the
coupling between primary and secondary coils is
not perfect. It means the magnetic flux linked with
the primary coil is not equal to the magnetic flux
linked with the secondary coil. So a certain amount
of electrical energy supplied to the primary coil is
wasted,

(i) Iron losses. These are grouped as below:

(@  Eddy Current losses. When a changing magnetic
flux links with the iron core of the transformer, eddy
currents are set up. These eddy currents in the iron
core produce heat which leads to the wastage of en-
ergy. This energy loss is reduced by using laminated
iron cores. Eddy currents are reduced in a laminated
core because their paths are broken as compared to
solid core.

(b)  Hysteresis Losses. When alternating current passes
through the primary coil of the transformer, the iron
core of the transformer is magnetized and demag-
netised over a complete cycle. Some energy is lost
in magnetizing and demagnetising the iron core.
The energy loss in a complete cycle is equal to the
area of the hysteresis loop.

This energy loss can be minimized by using suitable
material having a narrow hysteresis loop for the
core of a transformer.

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)




Q22:
3R : -

Q23

(iv)  Losses due to Vibration of core. A transformer pro-
duces humming noise due to magnetostriction ef-
fects. Some electrical energy is lost in the form of
mechanical energy to produce vibration in the core.

TiawrR ¥ 81 aral fafas st srfal & aasmsul
fopat SiawrdR & 81 ate fafem =t e1fa Fm &

()  <TfHes BT (Copper Losses) : CIAHIHR & BRI H 814
qTet H311 8T 1 ATMHD &1 e &l TIABIAR
1 UTafis duT fgdius Pusfaal JmId: die
&Y dRT HT & Bt El 59 19 HT dRY BT ufarre
(R) EYT &1 379 39 dRT A &7 (1) YaTed &dl
g o 21 =1 (1eR) &It 81 g% &1 urufies
GRIAFGIRES RN IEREEE Rk
ST 51T Hebel1 €| AT BT BT HIC TR Ygad
BHIb HH fHUT 31T AhdT &l

(ii) gﬁa'\rrmﬁ(ﬂux Losses):ww

, grgfies quT fgdige pusfoial & g
(Coupling) TET &I BT 3T UTdHH

rhIT i fgcdlae pusail A

(i) 18 8T (Iron Losses) :

(@) ¥R ERT B (Eddy currents losses) : 579
CIABIR & e His A gRad! T
el TGl fehdT STTeT & Al e &RTY e
BIdT 21 T &R gRTU @18 I his H HET 394
Bl & 5 311 by 17 gIell 81 39 3Bl
T &I Uefoid @I IS (laminated iron core)

OERIP RG] (Hysteresis Losses) : 3Td ﬁﬂﬁ'ﬁ?
&1 UTgfHes HUsel § gATad] &RT Yared
Rt & 1 CRIBIR B o1E IS ot T
%qfaod GELEIEEIEE E‘Iﬁ’rﬁ;l ﬁ‘\ﬂg

Trfehd aUT 3Tqraiohd 33
1 81 BIct 8l Uh Yol ach H 81 dTedl 35311
&1 U UIT (Hysteresis loop)&THA B
SRI&R Bl &l

(iv) PIS &b BT &b BRUT &1 (Losses due to
vibration of core):

3TMHRIR UHIG (magnetostriction
effect) & BRUT CIABIH Heidbol &di
(humming noise) 39 &RdT 8l HIS § HIT
3 B & fU po fag Fa11 B gifFs
3311 o TG H BT 81 31l 8

Describe the principle, construction and working
of an A.C. generator with the help of a labeled
diagram.

Ans : - An electrical machine used to convert mechanical

energy into electrical energy is known as A.C.
generator/alternator.
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Principle:It works on the principle of electromagnetic
induction ie, when a coil is rotated in uniform
magnetic field, an induced emf. is produced in it.

Construction: The main components of a.c. generator
are given below:

B c Iron core

A
NI
L:J

() Armature: Armature coil (ABCD) consists of a large
number of turns of insulated copper wire wound
over a soft iron core.

(i) Strong field magnet: A strong permanent magnet or
an electromagnet whose poles (N an S) are cylindri-
cal in shape used as a field magnet. The armature
coil rotates between the pole pieces of the field
magnet. The uniform magnetic field provided by the
field magnet is perpendicular to the axis of rotation
of the coil.

(i)~ Slip Rings: The two ends of the armature coil are
connected to two brass slip rings Riand R2. These
rings rotate along with the armature coil.

(iv)  Brushes: Two carbon brushes (B: and B.), are
pressed against the slip rings. The brushes remain
fixed while slip rings rotate along with the armature.
These brushes are connected to the load through
which the output is obtained.

Working: When the armature coil ABCD rotates
in the magnetic field provided by the strong field
magnet, it cuts the magnetic lines of force. The
magnetic flux linked with the coil changes due to
the rotation of the armature and hence induced
e.mf.is setup in the coil. The direction of the induced
emf. or the current in the coil is determined by the
Fleming’s right hand rule.

The current flows out through the brush B1 in one
direction of half of the revolution and through the
brush B2 in the next half revolution in the reverse
direction. This process is repeated. Therefore, emf.
produced is of alternating nature.

Theory: Consider the plane of the coil to be
perpendicular to the magnetic field B.

Let the coil be rotated anti-clockwise with a constant
angular velocity o as shown in figure below.
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Then the angle between the normal to the coil and
at any instant t is given by

So,The component of the magnetic field normal to
the plane of the coil = B cosf = B coswot. Magnetic
flux linked with a single turn of the coil = (B cosmt)A,
where A is the area of the cail.

If the coil has n turns, then the total magnetic flux
linked with the coil is given by

O=n(B coswt)A=nBAcosmt

According to Faraday's laws of electromagnetic
induction, the induced emf. produced in the coil is
given by

&g =- %qts w nBA (wsinwt)

.......... eqn (iii)

Thisis the expression forthe induced em.f. produced
in the coil at any instant t.

or, € = nBAwsinwt

Induced emf. will be maximum (iee=¢ ) if sinot = 1.
From eqn. (iii), we get a maximum value of emf.
€=NBA® (V)

Substituting the value of egn. (iv) in egn. (iii), we get,
S | [C) Q— (v)

Instantaneous current in the circuit is given by,

= % = %sinwt .......... eqn(vi)

where R is the resistance of the circuit.

When the coil is rotated from its position at right
angle to the magnetic field through 180°, the
induced em/f.and the current increases from zero to
maximum (¢ ) and then decreases from maximum to
zero in the same direction. When the coil is further
rotated through the next 180°, the em.f. and current
rises from zero to maximum and then decreases
from maximum to zero in the opposite direction.
Current supplied by an a.c. generator is sinusoidal
like its em.f.

ie, I = I sinwt

: AR 3G HT TeTadT A UATdd! &MRT AT B

fagaid, #Ra 3R SrdvoTe! &1 qofT HifEvI
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3R -FifAP 3311 B fagq

3t o gfvafdd & areit
ﬁaﬁrr%ﬂ——ra?ru?qmﬁermsrﬁsraﬁﬁél

Rger= (Principle) : T8 fdgq UROT
(electromagnetic induction) & ﬁ?ﬁl‘l?r W B
vl &1 37T 57a e U BT AHEY (uniform)

T & o ST & Y 399 9Rd fagd

qTedh §c 3T gl

§9T1d¢ (Construction) : UTdd &MRT ST & uqg
geh Fw gl

B \:—}c Iron core
d

()  3TTHAR (Armature): 3TTHTR (ABCD) I
T8 S I3 UR fag[d A&l T &l TR b T8 I Bl
BT TUC B ST SATT B

(i) ATGAJMT &F b (Strong field magnet) :
FTBR gal (N YT S) arel Tt rferaRimedl

T e gaT { gIah Dl &F D b
¥ fepu sTrarT &1 3R puse &

& §[d WUST (Pole pleces)a5q€?1€{0ﬁaﬂ?ﬁ | &
b H I qrgchIg & HUSH! &b guid

3781 & oTraac Bl 8l
(i) FUTTET (Slip Rings): ATHIR HUSH! B S1-1 FIRT bl
I (Bass) ST &l AU R1, TUT R2 F 51T ST
&1 3 JUTaeTg 3R HUsell & H1Y guid o 8l
(iv) 2T (Brushes) : QT SbTa §2T (B1 TTUT B2) AUTTeTT &b
JrOch T 38 &l $§[U1=raswgww§
AT H T6d 8| FdTaerd) & goiH & %%T“Rl‘l%‘
AT H 360 &l U 2T @IS A g I8 & A
e vt foma s1rat &1

HIIYUTTST (Working) : 56 3TTHR @U‘s’ﬁﬁ ABCD
RTTIRTTAA] &5 reeh GRT 3cd
;ﬂ‘“ﬁ“lfa?q?é%w“ B Wai'r
HRUT TqrEGe

TFoTeRT aRafele 81dT & 4T sAfeU puset B URd
Al a6 a7 3¢9 &Ial &l ﬁﬁﬁﬁﬁ@
qTEch do1 37T &MRT b fSNT T i & <1 81y
?"Tq (Fleming’s right hand rule) A Fgifya & ATt

|

el 37GEeh H &R 1 B1d U &R § garfad
eI & quT AUk W gRT 927 B2 A faudid
feom o Bl ¥ g8 UfHar AR g
& 8l 37d: 399 B9 aTe ) &IRT UaTad el 8l

Riqer=t: U & dd DI Hay-T hifaTy 3T
W%B%W%IWW@W

FHMEIRA. — e IF-He-3R T e RFaRor ¥ (2024)

{98}




e, PG AT 0 A FARETE,

a-q'ﬁo—aﬁ&runu?@a—rﬁasaﬁﬁmamaaww
IUT ol YRATOT 7 8T

PUSHI & Il & oIrgdd g &F & Uch Bl
HT =B cosb = B cosot.

W$Waﬂz(turn)ﬁ@§mmﬁ

TR = (B cosotA STET A THUSH] BT &FTHe

&l gfc pUsel H n @UC & dd pUSH! I 33T §31T
DI G fAdad el

®=n(B coswt)A=nBAcosot ... (i)

18 & fagd UR0T & 31AR PUsel o
399 UlRd emf. &uil

e =90 _ dmBACOSOD) _ 1\ (iysiner)

or, € = nBAwsinwt .......... eqn (iii)

g HUsel H Tl &07 't U 39 U emf. &b
ufiqTor & foQ sies Bl

QR em . BT IRATUT He<H 81T (37T, e=¢) Tl
sinot = 1; 37d: THIHBOT (i) A emf. BT Tedd T
Faad gl

JHIBHIOT (jv) BT 7 THIBIOT (i) HF gfawrfud
AW,

&=, Y1100 A— (v)

ufgy o deeifore gt Ay g & 511 g 2

I= % = %sinwt .......... eqn(vi)

T8l R, Uf¥Uy &1 ufarer 8l

5Td HUSHT AHDBIUT I Uch{Hd B 180° b Bldil
# a9 O emf. &1 1 A A HeH (¢,) G 30
=TT o SgdT & U7 ST dTe Hewd A I deb 31
&1 o TedT 8 51 pUseil I: 180° dh URehiHd
BTl & 9 emdf. TUT &RT T A HfOBdH 9 Igdt
# 31k 5H a1C 3Mfehar A 2 ad faudd feem
¥ g FTadl &7 ST gRT Bl 1T €T Bl
TGt emf. & ATHH AT deh1Y (sinusoidal) BIciT & |

e, I =

I, sinwt

Q 24 : Find the expression for power of an A.C. circuit
containing L,C and R in series. What will be the

HeT-12 (ifahn
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power of a circuit having (i) only R (ii) only L and
(iii) only C?

Ans:- Power dissipated in an a.c. circuit is the product of
rm.s. value of voltage and component of current in
phase with rm.s. voltage.

Let in a series LCR circuit, the phase difference
betweencurrentandvoltagebe ®.Theinstantaneous
values of voltage and current in LCR circuit are given
by

V =V,sinwt and I=Lsin(wt+ @)

So, Instantaneous power input to LCR circuit is given
by

P, = VI = V,Lsinwtsin(wt + ¢)
=V, sinwt[sinwtcosp + coswtsing |
since, sin(A + B) = sinAsinB + cosAsinB
=V, L [sin* wtcosd + sinwtcoswtsing |
=V.L [siantcos¢ + —2sina)§cosa)t sin¢]

=V,I, [sin2 wtcosg + %Msingb]

since sin2A = 2sinAcosA

The average power over a complete cycle of ac.
through LCR circuit is given by

Using equation (i) in equation (ii), we get

Vol T sin2wtsin
= —?F © _é [sin2 wtcosgp + %]dt
Vol T T sin2wtsin
= —9[ 0 [£ sm2 wtcosgdt +.£ - ¢ dt]

I T ; T
= VE} © [cos¢ Jé sin wtdt + —31121¢ A —Smgwt dt]
........ eqn (iii)
T Tq-
since , A sin2 wtdt = £ Mdt

1 T T
:?[Jé‘ dt'Jé cos2a)tdt]

_dr. 7_T
=3lT-0]=3

and sin2wtdt = 0
So equation (iii) can be written as,

PZV,}I { os¢><—+sm¢ XO}
—VITTCOS¢ 0s¢
or, P=

\/% X é COSP = VinsLimscOs

FHMEIRA. — N IF-Te-3eR T e RAawor ¥q (2024)

=)



Here,cos® is called power factor.

Pis called True Powerand V._ I

" is called apparent
. S rms
power or virtual power.

Case(i) : A.C. circuit having resistor only
In such a circuit, phase angle ® = 0.
True power dissipated

P=V 1 cos®=P=V 1 coso=P=V 1

rms rms rms rms rms rms

So, True Power=Apparent power
Caselii) : A.C. Circuit having pure inductor only

In such a circuit, the angle between voltage and
current is ® =1/2

i.e. Power dissipated P=V_ 1 _cos®

rms rms

P=v_ I cosm/2=0

Thus, no power loss takes place in a circuit having
pure inductor only.

Caseliii) : A.C. circuit having pure capacitor only

In such a circuit, the angle between voltage and
current is® =11/2

i.e. Power dissipated P=V__ 1 cos®

rms rms

=P=V_1 cosm/2=0
rms rms

Thus, no power loss takes place in a circuit having
pure capacitor only.

Q 24 : LCR A0ft yarad &Rt ufyay § afed & Ao aasie
eas B afa aar it 519 afkag § () Fa R
(ii) FareT L 31 (iii) haeT C[3TE 2

3R ;- HMET LCR §01 U9y § &RT dUT dleedl H BT
® %l LCR ufyuy ¥ QieedT 9T &RT &l dreffoidh
O 39 SR fear ATar g |

V =V,sinwt and I=Lsin(wt+ @)

LCR gfRgy & fafra dreifoie 21fodd 39 bR &
31T Tl &l

P, = VI = V,Isinwtsin(wt + ¢)
=V, L sinwt[sinwtcosd + coswtsing |
since, sin(A + B) = sinAsinB + cosAsinB

=V, I, [sin’ wtcosg + sinwtcoswtsing |

=V, I, [sinwtcoscﬁ + wsir@]

=V,I, [sin2 wtcosg + %Msingzﬁ]

since sin2A = 2sinAcosA

LCR TRTY o g1 &1R1 & Ueb Yot Ieh ot 371d
2TfoRT 39 UhR & AT &l

THIHIOT (jii) BT 3T UHR A AT ST IHaT B |
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T e eqn (ii)

Using equation (i) in equation (ii), we get

Vol T sin2wtsin
P= (—}0 .é [sin2 wtcosgp +—¢]dt

2

Volo| [T . T sin2ewtsin
—%[Jé smza)tcosqﬁdt+£ %dt]

T i T
- Yolo [cos¢ Jé sin wtdt + S1121¢ £ —81n§wt dt]

T
........ eqn (iii)

T T,
since , £ sinzwtdt: ,é Mdt

2
1 T T
:7[Jg dt'Jé‘ cosZwtdt]
1

:7[T-o]:%

T
and ,()A sin2awtdt = 0

p= V%Io {COS¢X T, sing y 0}

2" 2
= V"zlrl‘lT cosg = VEL cos@

&1 11T cosd T AT TUTIas e Bl

P! grdfae Mfad 3RV, 1 = 3TuTedT erfa
eI ST 8l

Case 1. hae YfdR1EN gard TdTad| &RT IRIT H, @
= 0. 81T 8l

YT, Y §s A, =P=V_ 1 _cosd

rms rms

P=V_1 cosO

rms rms

=P=V 1

rms rms

Case 2. Ao G Uehed Yokl TATddT ERT
ggﬁ,aﬁmamwﬁwaﬁqun/z
|

31T, Y §s AT, P=V_1_cosd

rms rms

P=V_1 cosm/2=0

rms rms

31d: Aol Uebcd gore Uy | g 2rfad &1
7€l 8l &

Case 3. hd ™ 8 HETRA god gATad! IRT
gfyay ¥ gieedl dUT &RT & T Bl HIoT O =
/2 BIdT 2l

YT, o0 g8 AT, P=V_ 1 cos®

rms rms

P=V 1 cosm/2=0

;ﬁzmﬁuﬁamwﬁwﬁaﬁé%ﬁﬁﬁmﬁ
|
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