Most of the electric power generated and used in the world is in the form of
alternating current. This is because
(i) alternating voltages can be easily and efficiently converted from one value to the
other by means of transformers.
(i) the alternating current energy can be transmitted and distributed over long
distances economically without much loss of energy.

ALTERNATING CURRENT

In this chapter, we will study about some alternating current system that '

transfers energy efficiently and we will also discuss some of the devices that v CHAPTER CHECKLIST

make use of alternating current. | e Introduction to Alternating
Current
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Introduction to Alternating Current
Alternating Current (AC)

If the direction of current changes alternatively (periodically) and its magnitude
changes continuously with respect to time, then the current is called alternating
current. It is sinusoidal (i.c. represented by sine or cosine angles) in nature.
Alternating current can be defined as the current whose magnitude and
direction changes with time and attains the same magnitude and direction after
a definite time interval It changes continuously between zero and a maximum
value and flows in one direction in the first half cycle and in the opposite
direction in the next half cycle.

The instantancous value of AC is given by

I =1,sinm¢ ['.'u):—ZTi:va]

Current vs time graph of an AC

where, [ = current at any instant ¢, {; = maximum/peak value of AC,
V= f'rcqu:nc:-,r and w= angular f'rcqu:nc:-,r.

MNote Current whose direction does not change with fime through a load is known as direct
current (DC).



3 Advantages of AC over DC

(i) AC generation is easy and economical.
{ii) It can be easily converted into DC with the help of rectifier.
(i} In AC, energy loss is minimum, so it can be transmitted
over large distances.
Disadvantages of AC over DC
(i) AC shock is attractive, while DC shock is repulsive so,
220V AC is more dangerous than 220V DC.
{ii) AC cannot be used in electroplating process because here

constant current with constant polarity is needed which is
given by DC.

Alternating emf or Voltage
It can be defined as the valtagc whose magnitud: and

direcrion changcs with rime and arrains the same mag‘nitudc

and direction after a definite The

instantancous value of alternating emf or voltage is given by
E = Esinwr

where, E = voltagc at any umes £, = maximum.l’pcak

value of alternaring volrage and ® = angular frequency.

time  interval.

Note Alternating current, altermating emf, fhx, etc., all are
sinusoidal waves.

MEAN OR AVERAGE
VALUE OF AC

It is defined as the value of AC (Alternating Current) which
would send same amount of charge through a circuit in half
q.rclc (i.e. T/2) thar is sent hy stcad}r current in the same
time. It is denoted by [, or [ ,.
Let the instantancous value of alternating current is
represented by
I =1 sinwr ]
The AC changes continuously with time. Suppose current
is kept constant for small time (). Then, small amount of
chargc [dq} in small time (4t) is given b)r
dg = Idt = I, sint dt  [from Eq. (i)]

To calculate total chargc send hy AC over half qu:l: is given
by

Jl dg = Jl:-ﬂfu sin (¢ dt

TiZ
or g, =1 jﬂ sin ¢ dt
Here, g, is stcad)«' chargc over half cyc|c.
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Also, the charge sent by AC in positive half cycle is
T
‘}'M‘. = fm, b E

where, I, is mean value of AC over |1=1|f'q-'clt.

According to the definition,

g, =gz [over any ha|fq«1:lc]
27
@ 2
41, 41
= :—0:_0 ['.'mT=2_':l:]
" ol 2In
27
= I =0 _ 0.6371,
T

1, =06371,

Mean value of AC (/) is 63.7% of the peak value of AC
(1,) over positive half cycle. For negative half cycle, the
mean value of AC will be =2/, /%, Therefore, in a

l:amplcrc cyclc, the mean value of AC will be zero.

In the same way, mean value of alternating emf (£_) is

[Em _2E_ 0.637F,
n

Root Mean Square (RMS)
Value of AC

It is defined as that value umernaring Current (AC) over
a complete cycle which would generate same amount
of heat in a given resistor that is generated by steady current
in the same resistor and in the same time during a
complete cycle.

It is also called virtual value or effective value of AC.

It is represented by 7 or I ¢ or I,. Suppose [ is the
current which Aows in the resistor having resistance (&) in
time (") produces heat (H).
Instantaneous value of AC,

I'=1,sinm



If dH is small amount of heat produced in time df in

resistor R, then
dH =1*R dt [o H =1?RT)...(0)

In complete cycle (0 — T'), the toral heat produced is H.
After integrating Eq. (i), we get

) Tia

[ar=[ 1’Rde = H=|IRdi

0 0

Put the value of 7 in the above equation, we get

T
H=[ (,sinon’Rd

i PT. 4 2 (7] 1=cos2m,
= IO‘RJO sin? o dt = lgkfo [%‘]44

[ . 2 l—cos2(nt]
s o = —mm——
2
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= ; Io(l—mSth)dt
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=MI dt—J’ cos20)tdt]
2 7o 0
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z | 20 |,
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=2 (T—O)——Isin20)T—sin0°|]
2 | 20
IoR[ 1
=1 T——|sin2x2u—0|][-.-mT=21t]
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1R[]
=2 T-l|o-0| [~sin4m=0]
21 2m
I3RT
= 02 ...(11)

If 7 is rms value of alternating current and A is the heat
produced by rms current (/ ), then

H=1.RT .. (iii)

On comparing Egs. (ii) and (iii), we get

12 RT = IgRT = I L
2 2
= I =J£=!—Q=D,?{]?Io
==\3 =%
= | £ =70.7%of 1,

From the above equation, we conclude that rms value of
current is 70.7% of the pcalc value of current.

In the same way, the rms value of alternating emf
(E,  or EgorEy)is

s

E, = %= 0.707E, =70.7%of E, J

The different values 7, 7, and 7 are shown in figure
given below.

j 3
Tins = 0.707 Ig fofoereee\rees
!34 - 063710

RMS and Average value of current on the same graph

AC Ammeter and Voltmeter

AC ammeter and voltmeter always measure the virtual value of
AC or alternating emf.

They are also called hot wire instruments because deflection in
the needle depends upon the heat produced in any coil.

Hel2,

¥

If we connect ordinary DC ammeter or voltmeter to AC circuit,
they read zero because average value of alternating
current/voltage over a full cycle is zero.

EXAMPLE |1]| The instantaneous current from an AC
source is given by I = 5sin314t. What is the rms value of
the current?
Sol. Given, I =5sin314¢ A1)
We know that, I = [ sinwt ..(11)
On comparing Eqs. (i) and (ii), we have
I,=5A and =314

I 5
] =-fe=—w=354A
s 72' 72-

EXAMPLE |2| Calculate the instantaneous voltage for
AC supply of 220 V and 50Hz.
Sol. Given, E, =220V, v=50Hzand E =7
Since, we know that for caleulating the peak value of
alternating voltage E,, we can use the relation
E,=+2E, =1414x 220 =311V
Therefore, instantaneous voltage, E = E sinat
E = E,sin(2nv)t
= 311sin( 21 »= 50)¢
=31 1sin1007t



EXAMPLE |3] In an AC circuit, the rms voltage is
100+/2 V. Determine the peak value of voltage and its
mean value during a positive half cycle.

Sol. Given, E, =10042V

Peak value of voltage, E, =?
Mean value of voltage, E_ =7

E, = \2E, = J2(10042) = 200V
.. During positive half cycle (0 — T/2),
_2E, _

TOPIC PRACTICE 1 I

OBJECTIVE Type Questions

The peak voltage in a 220 V, AC source is
(a) 220V (b) about 160 V
(c) about 310V (d) 440V

If the rms current in a 50 Hz AC circuit is 5 A,
the value of the current 1/300 s after its value

becomes zero is NCERT Exemplar
(@52 A (b)5v3/2 A
(c)5/6A @s/42A

If the reading of AC mains voltage by a
voltmeter is 200 V, then the root mean square
value of this voltage will be

(a) 20082 V (b) 10052 V
(¢) 200V (d) 400/ V

The reading of an ammeter in an alternating
circuit is 4 A. The peak (maximum) value of
current in the circuit is

(a)4 A (b)8 A
2

42 A d) — A
(c) ()-ﬁ

When a voltage measuring device is connected

to AC mains, the meter shows the steady input

voltage of 220 V. This means ~ NCERT Examplar

(a) input voltage cannot be AC voltage, but a DC
voltage

(b) maximum input voltage is 220 V

(c) the meter reads not Vbut = V* = and is calibrated
to read V< V2 >

(d) the pointer of the meter is stuck by some
mechanical defect

VERY SHORT ANSWER Type Questions

6.

) 5

10.

11

12.

Define the term rms value of the current. How
is it related to the peak value? All India 2010C

The peak value of emfin AC is E,. Write its

(i) rms (ii) average value over a complete cycle.
Foreign 2011

In many European homes and offices, the rms
voltage available from a wall socket is 240 V.
What is the maximum voltage in this case?

An AC current [ = [ sin ot produces certain
heat H in aresistor R over atime T =2n/w.
Write the value of the DC current that would
produce the same heat in the same resistor in
the same time. All India 2009C

An alternating current is given by
I = I,coswt + I,sinwt. Determine the rms value
of current through the circuit.

The current through an AC circuitis I, = I,(t/1)
for sometime. Determine the rms current
through the circuit over time intervalt =0 to
=t

Can the instantaneous power output of an AC
source ever be negative? Can the average
power output be negative? NCERT Exemplar

SHORT ANSWER Type Questions

3.

14.

15.

Establish an expression for the average voltage
of AC voltage V =V, sin ot over the time
intervalt =0andt=n/o.

Which of the following 120 V AC devices cost
more to operate (i) one that draws an rms
current of 10 A or (ii) one that draws a peak
current of 12 A? Explain the reason for your
answer.

Show that heat produced in a cycle of AC is
same as the heat produced by DCwith I =1 .

. Both alternating current and direct current are

measured in amperes. But how is the ampere
defined for an alternating current?

NCERT Exemplar

NUMERICAL PROBLEMS

17. The instantaneous value of current in an AC

circuit is I =2sin (100 n ¢t + n/3) A. At what first
time, the current will be maximum 7



18. An alternating current in a circuit is given by 3 ()E, =200V=E,,
[ =20sin(100nt +0.051) A. What is the rms value Root mean square value of this voltage is the effective
of current? value of voltage i.e., equal to the voltage indicated in
19. (i) The peak voltage of an AC supply is 300 V. m]m_m“r'
What is its rms voltage? 4. (o) Given, I,,,, =4 A
(ii) The rms value of current in an AC circuit is The peak value of current, I, =1 +2 =442 A
i 7
10 A. What is the peak current? NCERT 5. (c) The voltmeter connected to AC mains reads mean
20. Alight bulb is rated 100 W for 220 V AC supply value (<V =) and is calibrated in such a way that it gives
of 50 Hz. Calculate value of <V *=, which is multiplied by form factor to
(i) resistance of the bulb. give rms value.
(ii) the rms current through the bulb 6. It is defined as the value of Alternating Current (AC)
ﬂ-.]I India 2012 over a complete cycle which would generate same
amount of heat in a given resistor that is generated by
21. The alternating current in a circuit is described steady current in the same resistor and in the same time

by the graph shown in the figure. Find the rms

during a complete cycle. It is also called virtual value or
effective value of AC.

current in this graph. NCERT Exemplar
Let the peak value of the current be I,
3 T I _ In
24+ S 4
1 I
1 —I ] =21
g 0 i IT 1 - - -'_'E
! I 27 where, I, = peak value of AC.
- T 1s) 7. E, = peak value of emf;‘n a complete cycle,
1 (i) rms value [E__|= =5
- V2

HINTS AND SOLUTIONS

1. (c) Given, E, =220V

(ii) average value [E]= zero

8. Aswekmw,r’:.'m=.—?-
2

s By (Maximum voltage)

=E . X1414=33936V

9. An AC current I = I sin®t produces certain heat Hin a
Peak voltage, E, = JEEV = ﬁx 220= 310V

Thus, option (c) is correct.

resistor Rover atime T = 2x3.14 /, is given by

2
H= 5".) RT and the same amount of heat produced
2

2. (b) Given, v=50Hz, [ =5A
P R by DC current in same time is given by H = I *RT.
300 A
, thy t ; I°RT =|—f=| RT
We have to find I (1) As, these heats are equal, then I°R (7;]
I, = Peak value I
=J§lm=~ﬁx5 So,I=7°;.wherelstandsforDCandlnisthepeak
=5J2 A value of AC current.
I
1 =1, sin ot =5V2 sin 2% vt 10. As, I, =-i
0 X 72'

= 54Zsin 27 X 50 X —— I,
300 and o =
: 2
Hence, the resultant of these two currents,

I

() () -

=542 sin &
3

5

=syzx B =537z
2




11. The mean square current is
Tz_1[% 2 3
1 -;L I5(t/7) dt

=£J"[zd[=.l_:. .‘_’.t=.1_:.
L s 0

12. Yes, the instantaneous power can be negative as,

P =1 xV, =1 sinotxV, coswt

No, because it is average, so it will be positive.

[~ t=1]

13. Average voltage, V, or V,, = 2L T 0.637V,
n

Refer to the text on page 290.

14. Alternating currents and voltage are generaly measured
in the terms of their rms values.

Since, the electric cost is calculated on the power used,

ie. Pl
~. For I =10A

P, «=(10)* i)
and for I, =12 A,

12 1

= I = —— =848 A ol =

™ 1414 [ - 2]
= P, =< (848)° (1)
So, from Egs. (i) and (i1), the device that draws a rms
current of 10 A costs more to operate.

15. Foran AC, I, = I sinot
Heat produced in a resistance in small time dt,
dU = IRdt =(I,sinwt)*Rdt

.. Heat produced during a full cycle of AC,

o —2pf7 o2

U= [dU=IR[ sinotdt
Ig

=—2—R[T] [’.'(I)T=21l]

= U=ILRT = Iy
z

Thus, we see that AC produces same heating effect as DC
of value I = [ ...

16. As we know that, the AC current changes its direction
with time. So, AC ampere must be defined in terms of
some property which is independent of direction of
current. Thus, Joule's heating effect is the property,
which defines rms value of AC.

17. Here, [I=2sin(100nt+mn/3)A A1)
Since, the relation between current and time gives us
ﬂ =100 nt
2n 1 iy
== (i)
100 50
T 1 1
= 18 e B e =

= = S
4 50x4 200
18. I =10y2A

Refer to the Example 1 on page 290.

1

9. .. E, 300
(i) E =—F= = 2121V - E, = peak voltage]
o el

(i) I, =10A

1
I =5
e

= I,=+21_ =10xy2=1414 A

[+ I, = peak current)

20. (i) Power, P= EH = P=Ex%

E? _(220)°

= R=
P 100
840 0
100

(ii) The peak voltage of the source is E_, = E

mn s

= Eg=Exv2
= 22042 =311.13V
;oo _ Eo 31113
™" Rz sz
_ 31113
" 684479
21. Fromthegraph, I, =1 A ], =—2Aand [, =1A
& = [12 +12+12 =\lx’+(-2)’+1z
=Y 3 3

=J§=~E=l.4l4A

=045 A




| TOPIC 2|
AC Circuits

Phasor Diagrams

The sl'm:l:..F of AC circuit is much simpliﬁl:d, if we represent
alternating current, alternating emf as rotating vector, with
the angle between the vectors equal to the phase difference
between the current and the emf. These rotating vectors
representing current and alternating emf are called phasors.

A diagram representing alternaring current and alternating
emf (of same Frcqucncyl as rotating vectors [pha_mrs} with
the ph.'lsc anglc berween them is called phasnr dingra.m.
The length of the vector represents the maximum or peak
value, ie. ) and E . The projection of the vector on fixed
axis gives the instantaneous value nFaJn:rnan'ng current and
alternating emf. In sine form, (/ =/, sinwrand £=E,
sin @), projection is taken on ¥Y-axis. In cosine form,
(f =1, cosr and E = E; coswi), projection is taken on
X -axis,

Igsinat (A
ar

Yot i
o o]
Phasor diagram

DIFFERENT TYPES OF
AC CIRCUIT

lgcos wi

From Egs. (i) and (ii), we have
IR = E = Esin ox

- Jlr:£:Eusinm.r
R R
————— E
= | I=1I,sinwr | [ f,,z?“] ....(ii)

Comparing [, = E /R with Ohm’s law, we find that
resistors work equally well for both AC and DC voltages.
From Eqs. (i) and (iii), we get thart for resistor there is
zero phase difference between instantaneous alternating
current and instantaneous alternating emf (i.e. they are in
same phase}.

| &}
En'l'j
ol

Graph of E and I versus wt

Phasor Diagram
Here, peak values £, and [ are represented by vecrors
rotating with angula.r vclacity w with respect to horizontal
reference. Their projections on vertical axis give their
instantancous values.

Eg

In this section, we will derive voltage current relations for
individual as well as combined circuir elements carrying a

sinusoidal current. Here, we will only consider resistors, - i Egsinet

inductors and capacitors. et :

AC through Resistor

Suppose a resistor of resistance R R Phasor diagram for a purely

is connected to an AC source of resistive circuit

emf with instantancous value (£),

which is given by EXAMPLE |1] A resistance of 200 is connected to a
E = E, sin ot i) @E source of alternating current rated 110V, 50 Hz. Find the

Let E be the potential drop across  an AC voltage applied to (i) rms current.

resistance (&), then a resistor (ii) maximum instantaneous current in the resistor.

(iii) time taken by the current to change from its
maximum value to the rms value.

E=IRr ve(11)

+ Instantaneous emf = Instantaneous value of pan:nti.'ll dmp



Sol. Given, resistance, R = 200

The rms value of voltage, E__ =110V
Frequency, v = 50 Hz

(i) I, =21 =1414x55=78A
(iii) Let the AC be represented by [ = [, cos aif
Attr=01= [, cos0= [,(max)

Att=tlal=1I, =%= I, cosar

Iy i X i L] = 2nvi 5
oCos ol = =SC0sE— = i =— =—
>z 1 1 1

_ 1
8V
AC through Inductor

Suppose an inductor with self-inductance (L) is connected o
an AC source with instantaneous emf (£}, which is given by

E=E,sino¢ ()

=25%107's

B x50

An AC source connected to an inductor

When Icr:y Kis closed, then current £ hcgins to grow because
magnetic flux linked with it chang:s and induced emf
produces which opposes the applied emf.

J‘u:curding to Lenz's law,

e==1I % A1)
where, ¢ is induced emf and Eis the rate of change of
current.
the flow of current in the circuit,
applied voltage must be equal and opposite o the
induced emf i.e.

E==¢

To maintain

Idl'\ 1di E ;
E—-(-—Jt_)—-}t— or d[—-[_—dl [from Eq (l)]

Integrating the above equation on both sides, we get

o
far=] %d:=>1=f %"”d: [ E = E, sinot]

i g =ﬁ[-cos(m]
L (0]

E, . Nk
= [==—sin(n/2-0x) “rsin | —= ¢ | =coswr
oL 2

E
= I =—sin(wr —/2) ... i)
il
If sin{m¢ — /2) = maximum =1, then [ = 1y
E
where, p:ak value of current, Ir_‘r =—L
mf

1 =1 sin(tr = w/2) oo dnit)

From Egs. (1) and (ii1), it is clear that in a pure inductor,
the current lags behind the voltage by a phase angle of
/2 radians (90°) or the voltage leads the current by a
phase a.n.glc of /2 radians (90° ).

Graph of E and | versus wt

Phasor Diagram
The phasnr representing p:ak cmFEu makes an angl: Wi, in
anti-clockwise direction from horizontal axis. As current

la.gs behind the valta.gc hy 90°, so the phasur representing
1y is rurned 90° clockwise with the direction of E.

E [mommmmmmmmmy | Ejp,
|
i Eg sin wi
i | I
90° E
! Ig sin (w-nf2)
[
{ ' Iy !

Phasor digram for purely inductive circuit

Inductive Reactance (X, )
The opposing nature of inductor to the flow of alternating

current is called inductive reactance.

E
As, =—Lsin(wt = n/2) or I = Fql0L
wl

E
Comparing the above with Ohm’s law, 7 u=?°. The

quantity WL is analogous to the resistance and is denoted by

X,.
LX‘ =l

So,
where, X, is called inductive reactance.




If f is the frequency of AC source, then

[ 2n 1

X, =al=2vL L) prwm=—=21v
L

The dimension of inductive reactance is the same as thar of
resistance and its SI unit is ohm (). The inductive
reactance limirs the current in a purcl]r inducrive circuir in
the same way as the resistance limits the current in a
purely resistive circuit. It is also directly proportional to the
inductance and to the frequency of the AC current. Thus, if
the frequency of AC increases, its inductive reactance also
increases.

T
If inductor is connected to DC source L
1
v=>0 [-: V= —1 _
l r J 1
Here, V is frequency. So, from Eq. (i) G source
X, =0.

Therefore, inductor passes DC and blocks AC of very high
fn:qucncy.

EXAMPLE |2| Alternating emf of F = 220sin100 7 is
applied to a circuit containing an inductance of (1/m) H.
Write equation for instantaneous current through the

circuit. What will be the reading of AC galvanometer
connected in the circuit?

Sol. Given, E = 220sin1007 t
E,=220V,0=100r,L=(1/m)H
Since, inductive reactance, X; = wl
X, =100% Xl =1001L2

| ¢

E, 220
ly=—S=""=22A

X, 100

As current lags behind the emf by a phase angle of %

I'=1I sin(wt—m/2) = 2.2 sin (1007t — 7/2)
I, 22

B

22
= =155A
z

.. Reading of AC galvanometer, [,

AC through Capacitor

Let us consider a capacitor with capacitance C be connected

to an AC source with an emf having instantancous value,
E=E; sinmr .A1)

C
|1
I

OF

An AC source connected to a capacitor

Due to this emf, charge will be produced and it will charge
the plates of capacitor with positive and negartive charges. If
pun:nti:;l difference across the p|.'m:.; of capacitor is V, then

V:% or q:(_‘V

The instantaneous value of current in the circuit,

_da_d .
1="T=2(cp)

N [rV = E]

=‘;‘i{{'.fu.sinmﬂ [ E=E,sinwt]
1

=CE, costr X @

E‘L]

T leC

sin{we + 1/2) ... Ai)

[ coswt = sin(T/2 + W)
I will be maximum when sinfor+ w/2) =1, so that f =17,
E,
1w

where, p:ak value of current is, I, =

...(ii)

1=1,sin(w+1/2)]

From Eqggs. (i) and (iii), it is clear that in a perfect capacitor,
the current leads the mltnge h}' a phase n.ngle of m/2
radians (90°) or the mlmge l.ags behind the current b}r a
phase angle of /2 radians (90°).

~E
Eof. f\,,
A
Iy -, :;‘ \
L]
!
D i

Graph of E and | versus wt

Phasor Diagram
The phasor representing peak emf £, makes an angle e,

in anti-clockwise direction with respect to horizonral axis.
As current leads the voltage by 90°, the phasor representing
1 is turned 90° anti-clockwise with the phasor representing
E . The projections of these phasors on the vertical axis give
instantancous values of £ and /.

[ Ea

g 5 g

+ R ! !

- /2 ! .
a: Egsin iy
£ oty |

WL !

- t—

Phasor digram for purely capacitive circuit



Capacitive Reactance (X )

The instantaneous value of altcrnating current rhn:rugh a
capacitor is given b}r

[=5 n@remi)=1 sin[m.r+£)

1w o 3

™ 3 - » Eu,
Comparing the above with Ohm's law we ger, 7, = Y.

1
i Xo=—
CToC
where, Xeis called capacitive reactance.
The opposing nature DFcapacitDr to the flow Df.'lln:rnating
current is called capacitive reactance.

If v is the frequency of the alternating current, then

X(.:-;. ['_'m:-z—nzznv]
2nvi T

The dimension of capacitive reactance Is same as that of
resistance and its S unit is chm (£2). The capacitive reactance
limits the a.rnplitudc of the current in a purc|}r capacitive
circuit in the same way as the resistance limits the current in a
pun:l)«' resistive circulr, Ie is inw:rs:ly propﬂrtiuna] to the
capacitance and frequency of the current.

Thus, if frequency of AC increases, then its capacitive
reactance decreases.

When capacitor is connected to DC : Ic
source,
1 1 N
c = —‘ = ——= o0 |= =
wC 0 Dc slnm:s

[ forDC,m=21v =0, as v =0]
Thus, capacitor blocks DC and acts as open circuit while it
passes AC of high frequency.

EXAMPLE |3| A capacitor of 10uFis connected to an AC
source of emfE = 220sin100nt. Write the egquation of

instantaneous current through the circuit. What will be
the reading of AC ammeter connected in the circuit?
Sol. Given, capacitance, C = 10uF =10%107°F,
emf, E = 220sin100mt = E sinmwt
E, =220V, w = 2nv =100 = v=50Hz
Since, capacitive reactance,

1 1 1
X.=—= = — =31850
ol 2mvC 2x314 x50 %10
E 220
Iy=—L=——=0691A
X, 3185
So, reading of AC ammeter,
I 0.691
Iy =fe=s—=0489 A
2 1414

ACTHROUGH L-C-R CIRCUIT

Suppose that an inductor (L), a capacitor () and a resistor
(#) are connected in series to an AC source. [ is the current
passing through this circuit. As £ L and C are in series,
therefore at any instant rhrough the three elements, AC has
the same amplitude and phase. Let it be represented by

I =1,sinm¢
However, voltage across cach element bears a different
phase relationship with the current.

V=l X, [V, is maximum voltage across L]
Ve=1y X [V is maximum voltage across C]
Ve=1I,R [V is maximum voltage across R)

y VR ——i

[ o

I—-—w'ﬁw—--

AC source, E = Egsin wf
An AC source connected to L-C-A circuit
Inside the above figure for a L-C-R circuir, phasor diagrams
of each L, C and R are given. To form phasor diagram for

series L-C-R circuit, combine all these phascl-r diagrams.

[
. B
Ep E
V- Ve a2 !
L] : Iy
Q ] & ——
o2
e Wy

Ve

Phasor diagram for a series L-C-R circuit

Since, voltage (V) is in upward direction and voltage (V)
in downward direction, so net voltage upto point A is
V; =V (assuming V', > V.) and ner maximum vulragc is
Vo

From phasor diagram,

OB = J(of:}z +(CB)* = JVE +(V, =Ve)?

= Eg=U R+ X, =1,X.)? [ OB=Eg)

= Eg=IoR*+(X, = X.)?
E .
Z =!—"=ﬁ|i.=a!2 +(X, =X,.)°

i}

Here, Z is called impedance.



Impedance

It is the toral resistance of a circuit applied in the path of
alternating current. It is given by

f

Z=|R +(X, - X.)?

..(1)

From pl'lasor diagram. it is clear that \rnltag: leads the
current by an angle ¢.

B
L
=
2
|
C R a
Impedance diagram of L - C - R circuit
s From AOCH,
CB V.=V 1, X, =1,X
an$= —— =k € _Z07L T 07C
oc Ve IR
X, =-X
= tan ¢ = —% ....(ii)

R

So, the altcrnating emf in the series L-C-R circuit would be
r:pr:s:ntcd by E = E; sin(we + ).
Eqs. (1) and (ii) are graphicall}' shown in the above shown
graph. This is called impcdanc: diagram. which is a rigl‘lr
anglcd trianglc with £ as its hypnttnusc.
The amplitudt and phasc of current for an L-C-R series
circuit is obtained hy using the tcchniquc of phasors. But
this method of analysing AC drcuits have certain
disadvantages. Firstly, the phasor diagram does not signify
anything about initial condition. One can take any arbitrary
value of r and draw different phasors which shows the
relative angle between different phasors. The solution so
obrained is called the st:ady stare solurion.
Special Cases
(i) When X, = X, then £ =R and rand=0
[ 0=0°)

Hence, voltage and current are in the same phase.
Therefore, the AC circuit is non-inductive.

(ii) When X, > X, then tan @ is positive.
Hence, voltage leads the current by a phase angle ¢.
Therefore, the AC circuit is inductance dominated
clrcuit.

(iii) When X > X, then tan ¢ is negarive.

Hence, voltage lags behind the current by a phase

angle . Therefore the AC circuir is capacitance

dominated circuir.

A graph (given below) is shuwing variation of £ and [/ with
@ ¢ for the case, X=X
Eorl

Graph of E and I versus wt for series
L-C-A circuit when X, < X,

EXAMPLE |4| A capacitor of 100uF and a coil of
resistance 50€2 and inductance 0.5 H are connected in
series with a 110 V -50 Hz source. Calculate the rms value
of current in the circuit.
Sol. Given, capacitance, C = 100 uF =100%10"* F =107*F

Resistance, R = 50 £2

Inductance, L =05 H

Rms value of voltage, E, =110V

Frequency, ¥ = 50Hz

Since, capacitive reactance,

1 1 1
Xf' == = -
wC  2nvlC 2% 3.14 %50 %10
X =31850

and inductive reactance,
X, =wlL=2nvL=2x314%50x0.5=157L0)

-+ Impedance, Z = R +(X; — X-)*

= ..J'[Em“ +(157 —3185)° =1347702

Z 13477

EXAMPLE |5] A coil of 0.01H inductance and 1Q

resistance is connected to 200 V, 50 Hz AC supply. Find the
impedance of the circuit and time lag between maximum
alternating voltage and current. NCERT Exemplar
Sol. Given, inductance, L =001H

Resistance, R =11

Voltage, V=200V

Frequency, v= 50 Hz

Impedance of the circuit, Z = ..HRE + X}

=.UIFR2 +(2nvl)* = ,ﬁ“ + (2% 314 % 50 % 0.01)°

= ..ﬁﬂ.s& =330




L _ 2rvL _ 2x3.14 x50 X 001

tan ¢ = — =314
¢ R 1
= O=tan" (314)=72°
72

Phase difference, ¢ = L. rad

180
Time lag between maximum alternating voltage and
current,

Rim L ot i
® 180 x 2k x50 250
Resonance

In a series L-C-R circuit, when phase (¢) between current
and voltage is zero, then the circuit is said to be a resonant
circuit.

As applied frequency increases, then

X, =L, X, increasesand X, = —lC;, X ¢ decreases.
(0

At some angular frequency (®,), X, = X,

where, X, =001, Xo= 1
- owC

r

The frequency at which X~ and X, become equal, is
called resonant frequency.

= o L= or mf=—1:or(2nvr)2=.zl_

o C

r

[~ @, =27rv,, where v, is resonating frequency]

At resonating frcqucncy,
Z = R =Minimum

= —= Maximum
Z
Since, Z is minimum, therefore /7 will be maximum.

EXAMPLE |6| A2 pF capacitor, 100 Q resistor and 8 H

inductor are connected in series with an AC source. What
should be the frequency of source for which the current
drawn in the circuit is maximum? If peak value of emf of
source is 200 V, find the maximum current, inductive
reactance, capacitive reactance, total impedance, peak
value of current in the circuit. What is the phase relation
between the voltages across inductor and resistor? Also,
give the phase relation between voltages across inductor

and capacitor.

Sol. Given, capacitance, C = 2uF = 2x107°F
Resistance, R =100 Q
Inductance, L=8H
Peak value of voltage, E, = 200V

When frequency of AC source is equal to resonant
frequency,
then current drawn in the circuit is maximum.

1 1
V=V = =
" 2JIC  2x314x8x 2x10°°
1000

T 8x314

=398Hz

Peak value of current, I, = E -0, 2A
R 100
Xe =X, =0l =2nvL
=2x314 X398 x8=2000Q = Z =R=100Q
The voltages across inductor and resistor differ in phase
by 90° and the voltages across inductor and capacitor
differ in phase by 180°.

Quality Factor (Q-Factor)

It is the measure of sharpness of the resonance of an L-C-R
circuit. It is defined as the ratio of voltage developed across
the inductance or capacitance at resonance to the impressed
voltage, which is the voltage applied across R.

Q-f Voltage across L (or C)

tor =

o Voltage across R
eeorViorVe 1 [E
Vs R\NC
w,L 1

-factor = ——=

Q-facor R oy RC

Q is just a number having no dimensions, it can also be

called voltage multiplication factor of the circuit.

The electronic circuit with highQ |
values would respond to a very
narrow range of frequencies and
vice-versa. Higher the value of Q,
the narrower and sharper is the
resonance.

Q-factor can also be defined as the

ratio of the resonant frequency to

[0}

the difference in two frequencies ) yersus wgraph of an
taken on both sides of the L-C-R circuit
resonant frequency such thar ac

1

cach frequency, the current amplitude becomes 75— times

tI.'lC VH.IL]I: at resonant E.'Cl:ll.u:l'lc}’



Mathematically,
(0]
-factor or () = ————

Q Q P
where, @, and @, are frequencies when current decreases to
0.707 (1 INE} times the peak value of current.
w, =, +Awn
w, =m, —Awn
The difference @, —w,; =2Am is often called
bandwidth of the circuit.
Thus, from the above, Q-factor can also be defined as the

ratio of resonant angular frequency to bandwidth of the
circuit.

The smaller the bandwidth (A), the sharper and narrower

is the resonance.

We can also write,

the

N Significance of Q-Factor
* (O-factor denotes the sharpness of tuning.
« High Q-factor indicates lower rate of energy loss.

» Higher value of (-factor indicates sharper peak in the current.
» For R = Q Q-factor = infinity

AVERAGE POWER ASSOCIATED
IN AC CIRCUIT

Power is defined as the rate of doing work.

AW
P=— (]
- (i)

or
Power is EI.CE]'IEEI. a5 l'hl: pmduct DF vulragc and current.

In AC circuit, both emf and current change continuously
with respect to time. So in it we have to calculate average

power in camplctc c.b,rclc 0—=T).

Instantaneous power, = Ef L)

[ E = Eysinwt, { =1 sin(ws + §)]
Here, £ and [ are instantancous valta.gc and current,
respectively. If the instantancous power remains constant
for a small time &, then small amount of work done in
maintaining the current for a small time 4t is

d_W: EI
dr
= dW = ET dt N T11]

Integrating Eq. (iii) on both sides, we get

j'dw = j'or EI de

cosh =

Total work done or energy spent in maintaining current
over one full cycle,

.
W = -[u Eqsinor- 1o sin(or +0)dr
T
=E,/, Iu sin @#(sin f cos O+ cosr sin ) df

T s . T, |
:Eﬂfu[cusq:-.[u sin {L}Ia’:+51n¢Jﬂ smﬂersm:di‘J

=E, 0, [cusquﬂr (ﬂ}z’:

2
: T

+ ﬂj' 2 sin WO coswr 4t
2 0

Ed
= uj_‘, - |icas¢(‘[:-dr— I:coszmrdr)

.
+sin ¢Iﬂ sin 2t 4t

[[msq;[;]g - I:—cnstrdr] }

_Eyl,

T
+sin ¢ljﬂ sin 200t dt

T T a
But ju cos2w¢t dt =0 or and jo sin 2e¢ dr =0

woEolo T

cos
Average power associated in AC circuir,

W Ed Teosd Eyl,

P
=T 2T 7 o0
El:l "rl]
P, =—F—=cost
V2 A2
or P o=FE_1I. . cosh
=E, I, cosd

Here, cosd is power factor, which is defined as the cosine of
the angle of lag or lead.

If P, is true power or average power, then power factor is

given h}r,

P B True power

av

E_7

msT rms

msﬂll:E

B Apparent power

Here, ¢ is the phase difference between 7 and E .
Special Cases

(1) AC circuit containing &
When ¢=0%then P = E, [ cos0®
P,=E.1l,

So, average power in K is maximum,



(i1) AC drcuit containing L
When ¢=; sthen P =E_ [, casg
P =0
So, average power in L is zero,
(1) AC drcuit containing C
™
When ¢v=g ythen P_=E I, cosz
Pi' = D
So, average power in C is zero.

(iv) AC circuit containing L and R

wl R
When tan¢l S—_— cﬂs¢:—,
R VR +@’I?

R

.\Hﬁ'z +oir?

(v) AC circuit containing C and R
1/ R

:L‘DS¢=—
JR +110’C?
R
then P, =E ], ——
JR*+1/e*c?

(vi) AC circuit containing L, Cand R

then P, =E, I, -

When tanth=

When mm,,:w
R
R
= cos =
JR + (@@L -1/00)?

R
e for-ge)
R+ |wl-——

Wl

EXAMPLE |7| A sinusoidal voltage of peak value 283V
and frequency 50 Hz is applied to a series L-C-R circuit in
whichR=3Q, L =25.48 mH and € =796 uF. Find
(i) the impedance of the circuit.
(ii) phase difference between the voltage across the
source and current.
(iii) the power dissipated in the circuit.
(iv) the power factor.
Sol. Given, E, =283V,v=50Hz R=3Q,
L =2548mH = 2548 x10™°H
and C=796pF =796x10"°F
(i) Since, inductive reactance, X; =L
= X,=2nvL
=2x314 x50 X 2548 X107 = 8Q

then P =E,I,-

NCERT

Since, capacitive reactance,

1 1 1
xﬁ. = — = = =%
w’  ZnvC 233,14 X 50 % 796 % 10

X-=40
s Impedance, Z = ﬂ‘RE +(X, —){c]l2
=3 +(8-4)" =50
(ii) Phase difference,
o= m."[xl —Xg ] = tan™ [E] =53.1°
R 3

It means that the current in the circuit lags behind the
voltage by 53.17

(iii) Power dissipated in the circuit, P= IR
I 283
Iy =—F—= =40A
J2Z T 1414%5
P=I;R=(40)% x3 = 4800W

(iv) Power factor, cos ¢ = cos 53.1°=060°

EXAMPLE |8| Suppose the frequency of the source in
the above example can be varied.

(i) What is the frequency of the source at which
resonance occurs ?

(ii) Calculate the impedance, the current and power
dissipated of resonant condition. NCERT
Sol. (i) Resonant frequency, v= :
21'[-_.I'I.C
1

2% 314 x 2548 X 107 x 796 X 10~°
=354Hz
(ii) At resonance, £ = R=30
=E—lr= 283 =66.?1‘\. |-‘.' Ey = E-I
Z  Jzx3 | Jz)
. Power dissipated, P = IR
={667)° x3=13350 V

E Iy

WATTLESS CURRENT

The current which consumes no power for its maintenance
in the circuit is called wattless current or idle current.

or

If the resistance in an AC circuit is zero, although current
flows in the circuit, then the average power remains zero,
i.e. there is no energy dissipation in the circuit, such a
circuit is called wartless circuit and the current flowing is
called wattless current.

If the circuit contains either inductance or capacitance only,
then phase difference between current and voltage is 90°,
i.c. & =90° The average power in such a circuit is

P =V X s Xcosd =V, X I, Xc0s90°=0



TOPIC PRACTICE 2 |

OBJECTIVE Type Questions

1. Which of the follow ing graphs shows, in a pure
resistor, the voltage and current are in phase?

(a}i: .,;(h] GR 2"%

v AV
NaYaVs
M/\

A
. Voltage and current in an AC circuit are given
by

¥m

" V-
Py [
© 5 wz; &

V = 5sin (100 =t — n/6)
and [=4sin (100xt + n/6)
(a) voltage leads the current by 30°
{b) current leads the voltage by 30°
{c) current leads the voltage by 60°
{d) voltage leads the current by 60°

. Aresistance of 20 Q is connected to a source of
an alternating potential, V =220 sin (100x t). The
time taken by current to change from its peak
value to rms value is
(a) 0.2s
(e) 25x107°

(b)0.25s
(d)2.5x 107 *s

. The inductive reactance is directly proportional
to the

(a) inductance
(b) frequency of the current

{c) Both (a)and (b)
(d) amplitude of current

. A pure inductor of 25.0 mH is connected to a
source of 220 V. Find the inductive reactance if
the frequency of the source is 50 Hz.

(a) 78502 {b) 6.500
(c) 7.850 (d) 8750

Current [ across the capacitor in a purely
capacitive AC circuit is

(a) i, sin(of+ T/M4)

(b) i, sin (o + m/2)

(c) i, cos (f+ T/4)

(d) i, cos (o + m/2)

10.

11.

12.

The amplitude of the oscillating current in the a
pure capacitive AC circuit is, if V =V sinwt and
capacitance = C.

wlV

3 wlV
(€ Tm (4 22"
4

(a) wcv, (b) 2acV,

A 15.0 uF capacitor is connected to a 220 V,

50 Hz source. The capacitive reactance is
(a) 2200 (b) 2152  (c) 2120 (d) 204 2

L, C and R represents self inductance,
capacitance and resistance respectively. Which
of the following dimensional formula is not of
frequency?

1 R C
- by =
(alRC “L (c)

1
d) —
W LC { L
To reduce the resonant frequency in an L-C-R
series circuit with a generator NCERT Exemplar
(a) the generator frequency should be reduced

(b) another capacitor should be added in parallel to
the first

(c) the iron core of the inductor should be removed
(d) dielectric in the capacitor should be removed

In a series L-C-R circuit, the capacitance C is
changed to 4C. To keep the resonant frequency
same, the inductance must be changed by

(a) 2L () L/2

(c)4 L (d) Lj4

Which of the following combinations should be
selected for better tuning of an L-C-R circuit
used for communication? NCERT Examplar
(a) R=2000, L=15H,C=35uF

(b) R=25€Q, L =25H,C =45uF

{c) R=15€) L =35H, C =30pF

(d)R=25Q, L =15H, C =45uF

VERY SHORT ANSWER Type Questions

13.

14.

15.

An electric lamp is connected in series with a
capacitor and an AC source is glowing with a
certain brightness. How does the brightness of
the lamp change on increasing the capacitance?

Explain the statement that a capacitor is a
conductor at very high frequencies. Compare
this behaviour with that of a capacitor in a DC
circuit after the steady state. NCERT

How does the sign of the phase angle é, by
which the supply voltage leads the current in an
L-C-R series circuit, change as the supply
frequency is gradually increased from very low
to very high values. NCERT Exemplar



16.

17.

18.

19.

Define ‘quality factor’ of resonance in series
L-C-R circuit. What is its 51 unit? Delhi 2016

How can you improve the quality factor of a
series resonance circuit?

Mention the significance of quality factor.
Foreign 2012

A device X is connected to an AC source
V =V, sinwt. The variation of voltage, current
and power in one complete cycle is shown in
the following figure.
(i) Which curve shows power consumption
over a full eycle?
(ii) Identify the device X.

‘?IA
b=y
[ —=
| NP
I

B

SHORT ANSWER Type Questions

20.

21,

22,

Explain, why the reactance offered by an
inductor increases with increasing frequency of
an alternating voltage? NCERT Exemplar

(i) When an AC source is connected to an ideal
inductor, show that the average power
supplied by the source over a complete
cycle is zero.

(ii) A lamp is connected in series with an
inductor and an AC source. What happens to
the brightness of the lamp when the key is
plugged in and an iron rod is inserted inside
the inductor? Explain.

Lamp
L
L

All India 2016

A capacitor C, a variable
resistance R and a bulb B
are connected in series to
the AC mains in circuit as
shown in the figure. The
bulb glows with some
brightness. How will the glow of the bulb
change, if (i) a dielectric slab is introduced
between the plates of the capacitor, keeping
resistance R to be same;

Mains

23.

24.

26.

27.

(ii) the resistance R is increased keeping the
same capacitance? Delhi 2014
(i) The graphs (a) and (b) represent the variation
of the opposition offered by the circuit
element to the flow of alternating current
with frequency of the applied emf. ldentify
the circuit elements corresponding to each

graph.

1 |
25 25
1 i
43 gs

o Fraquency — o

| Frequency —
(a) ()

(ii) Write the expression for the impedance
offered by the series combination of the
above two elements connected across the
AC source. Which will be ahead in phase in
this circuit, voltage or current? All India 2011

(i) Draw a graph showing wvariation of
amplitude of circuit current with changing
frequency of applied voltage in a series
L-C-R circuit for two different values of
resistance R, and R,(R, = R,).

(ii) Define the term ‘Sharpness of Resonance’.
Under what condition, does a circuit become
more selective? Foreign 2016

Prove that an ideal capacitor in an AC circuit
does not dissipate power. All India 2017 C

In the analogy between series L-C-R circuit and
a mass on a spring, the mass is analogous to the
inductance and the spring constant is
analogous to the inverse of the capacitance.
Explain giving reason.

In series L-C- R circuit, the plot of [, versus w

is shown in the figure. Find the bandwidth and
mark in the figure.

L

0.1
05
1 il L

| 05101520
w{rad/s) —

NCERT Exemplar



LONG ANSWER Type I Questions

28. Aninductor L of inductance X, is connected in

series with a bulb B and an AC source. How
would brightness of the bulb change when

(i) number of turns in the inductor is reduced?
(ii) an iron rod is inserted in the inductor?
(iii) a capacitor of reactance X, = X, is inserted

in series in the circuit? Justify your answer
in each case. All India 2015

29, (i) When an AC source is connected to an ideal
capacitor. Show that the average power
supplied by the source over a complete
cycle is zero.

(ii) A lamp is connected in series with a
capacitor. Predict your observations when
the system is connected first across a DC
and then an AC source. What happens in
each case, if the capacitance of the capacitor
is reduced? Delhi 2013 C

30. Answer the following questions.

(i) What is the minimum wvalue of the power
factor of a circuit? Under what circumstances
can it oceur?

(ii) State the maximum wvalue of the power
factor? Under what circumstances can this
oceur?

31. An ACvoltage V =V, sin wt is applied across an
inductor of inductance L. Find the
instantaneous power F, supplied to the

inductor. Show graphically the variation of F
with wt.

32. Study the circuits (a) and (b) shown in the
figure and answer the following questions:

R R c L
Cor
(a) s]]
(i) Under which conditions would the rms
currents in the two circuits be the same?

(i) Can the rms current in circuit (b) be larger
than that in (a)? NCERT Exemplar

33. Inthe L-C-R circuit, shown in the figure, the

AC driving voltage is V =V, sin .
(i) Write down the equation of motion for g(t).
(ii) Atr=t,, the voltage source stops and R is
short circuited. Now, write down how much
energy is stored in each of L and C.

(iii) Describe subsequent motion of charges.
NCERT Exemplar

V=V, sinat

LONG ANSWER Type I Questions

34. An AC source of voltage V =V, sin wf is
connected to a series combination of L, C and R.
Use the phasor diagram to obtain expressions
for impedance of the circuit and phase angle
between voltage and current. Find the
condition when current will be in phase with
the voltage. What is the circuit in the condition
called? Delhi 2016

35, (i) What do you understand by sharpness of
resonance in a series L-C-R circuit? Derive
an expression for Q-factor of the circuit.

(ii) Three electrical circuits having AC sources of
variable frequency are shown in the figures.
Initially, the current flowing in each of these
is same. If the frequency of the applied AC
source is increased, how will the current
flowing in these circuits be affected?

Give the reason for your answer. Delhi 2011
R L c
f . f
L Wt

E E E

36. Derive an expression for the impedance of a
series L-C-R circuit connected to an AC supply
of variable frequency. Plot a graph showing
variation of current with the frequency of the
applied voltage. Explain briefly how the
phenomenon of resonance in the circuit can be
used in the tuning mechanism of a radio or a TV
set? Delhi 2011

37. (i) Show that a series L-C-R circuit at
resonance behaves as a purely resistive
circuit. Compare the phase relation between
current and voltage in series L-C-R circuit
for

(a) X, = X,
(b) X, = X, using phaser diagrams.

(ii) What is an acceptor circuit and where it is
used?



38. In a series, L-C-R circuit connected to an AC

source of variable frequency and voltage
V =V, sin wi, draw a plot showing the variation
of current [ with angular frequency w, for two
different values of resistance R,and R, (R, > R,).
Write the condition under which the
phenomenon of resonance occurs. For which
value of the resistance out of the two curves, a
sharper resonance is produced? Define Q-factor
of the circuit and give its significance.

All India 2013

39. Adevice X is connected to an AC source,
V =V, sinwt. The variation of voltage, current
and power in one cycle is shown in the
following graph.

(i) Identify the device X.

(ii) Which of the curves 4, B and C represent the
voltage, current and the power consumed in
the circuit? Justify the answer.

(iii) How does its impedance vary with
frequency of the AC source? Show
graphically.

(iv) Obtain an expression for the current in the
circuit and its phase relation with AC
voltage. All India 2017

40.

(i) Avoltage V = Vsinwt applied to a series
L-C-R circuit derives a current [ = [ sinwt in
the circuit. Deduce the expression for the
average power dissipated in the circuit.

(ii) For circuits used for transporting electric
power, a low power factor implies large
power loss in transmission. Explain.

(iii) Define the term wattless current. Delhi 2012

41. Adevice X is connected across an AC source of
voltage V = V,sinwt. The current through X is

. . T
given as I = I,sin [mt + E}

(a) Identify the device X and write the
expression for its reactance.
(b) Draw graphs showing variation of voltage

and current with time over one cycle of AC,
for X.

(c) How does the reactance of the device X vary
with frequency of the AC? Show this
variation graphically.

(d) Draw the phasor diagram for the device X.
CBSE 2018

NUMERICAL PROBLEMS

42. An alternating voltage given by E = 140 sin 314t
is connected across a pure resistor of 50 £1. Find
(i) the frequency of the source.

(ii) the rms current through the resistor.
All India 2012

43. A coil of inductance 0.5 H and resistance 100
is connected to a 240V, 50 Hz AC supply.
(i) What is the maximum current in the coil?
(ii) What is the time lag between the voltage
maximum and current maximum?
NCERT
44. A100 yF capacitor in series with a 40 Q
resistance is connected to a 110 V, 60 Hz supply.
(i) What is the maximum current in the circuit?
(ii) What is the time lag between the current
maximum and the voltage maximum?
NCERT

45. Aresistor of 400 @, an inductor of 5/x H and a
capacitor of ﬂpF are connected in series across
n

a source of alternating voltage of 140 sin100xr V.
Find the voltage (rms) across the resistor, the
inductor and the capacitor. Is the algebraic sum
of these voltage more than the source voltage? If
yes, resolve the paradox. Foreign 2010

46. (i) Find the wvalue of the phase difference
between the current and the voltage in the
series L-C-R circuit shown below. Which one
leads in phase, current or voltage?

L=100mH C=2uF R=4000
T ——] A

)
A
V=V sin (10001 + &)

(ii) Without making any other change, find the
value of the additional capacitor C’, to be
connected in parallel with the capacitor C, in
order to make the power factor of the circuit
unity. Delhi 2017



47. Determine the value of phase difference
between the current and the voltage in the

given series L-C-R circuit. Delhi 2015
R=400 10
V= u;,sinumunmé-? C=2pF
LIk T
L=100 uH

48. A0V 650 Hz source is connected to a series
combination of R =100 @, C = 10uF and
L = 0.5 H. Find out the time in which resistance
will get heated by 10 °C, if thermal capacity of

the material = 21/°C.

49. Calculate the quality factor of a series L-C-R
circuit with L=20H ,C=2uF and R =10 0.
Foreign 2012
50. Resonance frequency of a circuit is v. If the

capacitance is made 4 times the initial value,
find the change in the resonance frequency.

51. A2uF capacitor, 100 £ resistor and 8 H inductor
are connected in series with an AC source.

(i) What should be the frequency of the source
such that current drawn in the circuit is
maximum? What is this frequency called?

(ii) If the peak value of emf of the source is
200 V, find the maximum current.

Foreign 2016

52. The figure shows a series L-C-R circuit with

L =10,0H,C =40uF R =60 2 connected to
variable frequency 240 V source. Calculate

AL

L
ooon

(i) the angular frequency of the source which

drives the circuit at resonance.
(ii) the current at the resonating frequency.
(iii) the rms potential drop across the inductor at
resonance. Delhi 2012
53. Obtain the resonant frequency (v, ) of a series
L-C-R circuit with L=20H ,C = 32uF and

R =10 2. What is the Q-value of this circuit?
NCERT

54. Aninductor of 200 mH, capacitor of 400 uF and

a resistor of 10 O are connected in series to AC
source of 50V of variable frequency. Calculate
(i) the angular frequency at which maximum
power dissipation occurs on the circuit and
the corresponding value of effective current,
and
(ii) the value of Q-factor on the circuit.
All India 2017 C

55. Obtain the resonant frequency and Q-factor of
a series L -C =R circuit with L=3.0H,C=27uF
and R =74 (. It is designed to improve the
sharpness of resonance of the circuit by
reducing its full width at half maximum by a
factor of 2. Suggest a suitable way. NCERT

56. A 100 Q resistor is connected to a 220 V, 50 Hz

supply.
(i) What is the rms value of current in the
circuit?
(ii) What is the net power consumed over a full
cycle? NCERT

57. A 44 mH inductor is connected to 220 V, 50 Hz
AC supply. Determine the rms value of the
current in the circuit. What is the net power
absorbed over a complete cycle? Explain.

NCERT

58. A60uF capacitor is connected to a 110 V, 60 Hz
AC supply. Determine the rms value of current
in the circuit. What is the net power absorbed
over a complete cycle? Explain. NCERT

59. Aseries L-C-R circuit connected to a variable
frequency 230 V source has L = 5.0 H,
C =80pF, R =40 0, as shown in the figure.

(i) Determine the source frequency which
drives the circuit in resonance.

(ii) Obtain the impedance of the circuit and
amplitude of current at the resonant
frequency.

(iii) Determine the rms potential drop across the
three elements of the circuit. Show that the
potential drop across the L-C combination is
zero at the resonating frequency. NCERT



60. Acircuit containing 80 mH inductor and a
60 uF capacitor in series is connected to a
230V, 50 Hz supply. The resistance in the
circuit is negligible.
(i) Obtain the current amplitude and rms
value.
(ii) Obtain the rms value of potential drop
across each element.
(iii) What is the average power transferred to
inductor?
(iv) What is the average power transferred to
capacitor?
(v) What is the total average power absorbed
by the circuit? NCERT

61. Aseries L-C-R circuit with L=0.12 H,

C=480nF,R =23 Qis connectedtoa 230V

variable frequency supply.

(i) What is the source frequency for which
current amplitude is maximum? Obtain
this maximum value.

(ii) What is the source frequency for which
average power absorbed by the circuit is
maximum? Obtain the value of maximum
power.

(iii) For which frequency of the source is the
power transferred to the circuit half the
power at resonant? What is the current
amplitude at these frequencies?

(iv) What is the Q-factor of the given circuit?
NCERT

| HINTS AND SOLUTIONS |

1L (b)

In a pure resistor, the voltage and current are in
phase. The minima zero and maxima occur at the
same respective times.

2. (c) Phase difference A¢ = ¢, — ¢, = /6 — (- n/6) = n/3
So, current leads the voltage by nt/3.
3. (d) Current in at peak value so its equation is
i = iysin(1007t + 1/2)
Peak value to rms value means current becomes I/ﬁ
times.

So, from i =iy sin (100 ©tt + ®/2)

10.

1L

12.

ﬁ‘- = iy sin(100mt + 1/2)
2
sin3n/4 = sin(1007tt + 1t/2)

= t=—s
400

Time taken by current to change from its peak value to rms
value,

. 1 _3
Le., =—25=25X10 " s
400

(c) Inductive reactance, X, = wL = 2nfL

(c) The inductive reactance,
X, =2nvL =2x314 X50% 25X10"* = 7.85Q
(b) Current I across the capacitor is i, sin (&f + 1/2).
(a) The amplitude of the oscillating current is
I =V IX =0CV,
(c) The capacitive reactance is
1 1

= = =212Q
2nvC 2m (50 Hz) (15.0% 107° F)

Xe

(d) % is not the dimensional formula of frequency because
C _[MT'L7T'A?)
L [MLTZA7)
is [T™').

(b) We know that resonant frequency in an L-C-R circuit is
given by

but dimensional formula of frequency

1
v, =
o 7—
2r/LC
Now to reduce v, either we can increase L or we can
increase C.
To increase capacitance, we must connect another

capacitor parallel to the first.
1

(d) The resonant frequency, f = :
;]M‘LC
1

Again, = 3—2
4n”(L/4)x4C

1

;}471:’ LC

If the value of L is changed to L /4, then the resonant
frequency will remain unchanged.
(c) Quality factor (Q) of an L-C-R circuit is given by

_1 L

“RYC
where R is resistance, L is inductance and C is capacitance
of the circuit. To make Q high,
R should be low, L should be high and C should be low.

These conditions are best satisfied by the values given in

=

option (c).



13.

14.

15.

16.

17.

18.
19.

20.
21.

(i)

Capacitive reactance is given by,
1 1
X =0—ons= X ==
‘¢ wc ¢ c

This means, with the increase in the capacitance, the
capacitive reactance decreases. So, if an electric lamp is
connected in a series with a capacitor and an AC source is
glowing with certain brightness, then with the increase in
the capacitance, the brightness of the lamp increases.
By comparison, at very high frequency, the resistance due to
capacitor is negligible and hence it works like a pure
conductor of negligible capacitive reactance.
In DC circuits, @ = 0 (at steady state)

1
- E = oo
So, it behaves like an open cireuit.
The phase angle (¢) by which voltage leads the current in
L-C-R series circuit is given by

X, - Xe Invl —

R R
If tan ¢ < 0 (for v < v,), then circuit is capacitive.
If tan ¢ = 0 (for v = v,), then circuit is inductive.

[fnr V=W =;,‘IIE;|

The quality factor () of resonance in series L-C-R circuit is
defined as the ratio of voltage drop across inductor (or
capacitor) to the applied voltage,

_wgl 1

w,CR

It is an indicator of sharpness of the resonance. Quality
factor has no unit.

To improve quality factor, ohmic resistance should be made
as small as possible.

Refer to text on pages 299 and 300.

= X

tan ¢ - vl

At resonance, tan ¢ =0

(i) Curve A shows power consumption over a full cycle.

(it) Device X is a capacitor. As in a perfect capacitor, the
current (curve C) leads the voltage (curve B) by a phase

angle of X
2

Refer to text on pages 295 and 2%.
(i) As, P =V I . cosd
In ideal inductor, current I lags behind applied
voltage V. by m/2.
Soh=mi2
Thus, P_=V__I

v,

rms
0

cos /2
=0

rms

Brightness of the lamp decreases. It is because when iron
rod is inserted inside the inductor, its inductance L
increases, thereby increasing its inductive reactance X,

X, and hence impedance Z of the circuit. As
Is = T’““ 50 this decreases the current [, in
the circuit and hence the brightness of lamp.

As the dielectric slab is introduced between the
plates of the capacitor, its capacitance will
increase. Hence, the potential drop across the

V=£.
C

22, (i)

capacitor will decrease, Le.

As a result, the potential drop across the bulb will
increase as they are connected in series. Thus, its
brightness will increase.

As the resistance R is increased, the potential
drop across the resistor will increase. As a
result, the potential drop across the bulb will
decrease as they are connected in series. Thus,
its brightness will decrease.

(ii)

23. (i) From graph (a), it is clear that resistance
(opposition to current) is not changing with
frequency, ie. resistance does not depend on
frequency of applied voltage, so the circuit element
here is pure resistive ( R). From graph (b), it is clear
that resistance increases linearly with frequency,
so the circuit element here is inductive in nature.

Inductive resistance, X;= 2nvl = X = v

Impedance offered by the series combination of
resistance (R) and inductor (L)

Z=R* + X}=|R* +(2nvL)?

(ii)

In L-R cireuit, the applied voltage leads the

current by phase ¢, where tan ¢ = ?L

24, (i) Graph showing the variation of amplitude of
circuit current with changing frequency is given
below.

-
8 L and C fixed
g H| = .ﬁ'z
B
3 R
Fraquency

(ii) Sharpness of resonance Refer to text on pages
299 and 300.

Circuit become more selective if the resonance is
more sharp, maximum current is more, the eircuit
is close to resonance for smaller range of (2 Am) of
frequencies. Thus, the tuning of the circuit will be

good.

25. Refer to text on page 301.
26. Refer to text on page 302,



27. Consider the diagram,
Bandwidth =m, —w,

where, 0, and @ , correspond to frequencies at which

1
magnitude of current is T times of maximum value.
2

I |
I =t== =07 A
=2
Clearly, from the diagram, the corresponding frequencies
are 0.8 rad/s and 1.2 rad/s.
Awm = Bandwidth= 1.2— 0.8 = 0.4 rad/s
28. (i) We know that if the number of turns in the inductor
decreases, then inductance L decreases. So, the net
resistance of the circuit decreases. Hence, the current
through the ecircuit increases, increasing the
brightness of the bulb.
(ii) As the current increases and brightness of bulb
increases, because L increases.
(iii) If the capacitor of reactance X. = X is connected in
series with the circuit, then

Z =X, - X:)* + R*

= Z=R [~ X, =X:]
This is a case of resonance. In this case, the maximum
current will flow through the circuit. Hence, the
brightness of the bulb will increase.

29. (i) Refer to text on pages 296 and 297.

(it) When DC source is connected, the condenser is
charged but no current flows in the circuit. Therefore,
the lamp does not glow. No change occurs even when
capacitance of capacitor is reduced.

When AC source is connected, the capacitor offers

1
capacitive reactance X = el The current flows in

the circuit and the lamp glows. On reducing C, X
increases. Therefore, glow of the bulb reduces.

30. Refer to the text on pages 300 and 301.

31. In an inductor, the current lags the voltage by 90°. If the
source voltage is sinusoidal, then the current is also
sinusoidal, but shifted in phase. The instantaneous
power defined as the product of the instantaneous
voltage and current can also be seen to be sinusoidal in
time. However, in contrast to the resistive load, the
instantaneous power in the inductor goes negative for
part of the cycle of the source driving it.

As Vit) =V sin wt
Iit)=—1_ cos a

Instantaneous power, F| = V(t)-I(t)
=V _sin @t % (— I cos wt)

Vi

= — 2w 2sgin mi cos ol
VI

=— —mm [gin Xt + sin 0]
2

=— _V_f,_ sin 2ot
2

The variation of F, with @t is as given in the figure.

The instantaneous power alternates positive and negative
at twice the frequency of source supplying it.

32, Let(l,,.), =rms current in circuit (a)

(I, ), =rms current in circuit (b)

v
I =t _ 1
e =T
v
=

Vv
R* +(X, - x.)*

(i) When (I__), =(I__)

R=R® +(X; - X.)?

=5 X, = X in resonance condition
(i) As, Z=z R
{'rrru}t: — HR‘ +{xl _xﬂ'}! _E}l
(1 s ) R R

= (T o 2 mds
Mo, the rms current in circuit (b) cannot be larger than
that in (a).
33. (i) Consider the R L-C circuit as shown in the figure.
V=V sin ot
Let current at any instant be i.

Given,

S

Note We have to apply KVL, write the equations in the form
of current and charge, double difierentiate the equation with
respect to time and find the required relafions.

Applying KVL in the given circuit,

R+ LI+ Ly snor=0 )
dt C
= 2
Now, we can write, i= dl—‘il == i: _d q



From Eq. (i), we get

d d*
—qR+L q+%=v_smm:

dt di?
2
=% Lu+Rdi+i=V gin
dt* d ¢ "
This is the required equation of variation motion of
charge.
(ii) Let g =g, sin{of +§)=—q, cos (Wt + )
i=i, sin (ot +d)=q_wsin (ot + d)
Vm

1 =

m

N|5=

SR X,

and & = tan™ [u)

R
When R is short circuited at t = t, energy is stored in
L and C.
z
U,_--Li":l}.[ : Vo _]sm!{mr+¢]
2 2 | yR*+(Xe - X0)* |
1 g% 1 iV
mdUC=Ex%=Ex[E] cos * (wty + 0)
-2
i 2 ,
=—2_cos” (mf, + 4) i ——
P ot o [ qu0)]
2
_L[ v, ] cos * (o, + b)
2C | JR? +(Xe - X,)* | o’
[ 2
: Vo ] cos *(wt,+ &)

= 71 =
200%| JR? +(Xe - X,)* |
(iii) When R iz short circuited, it becomes an L-C
oscillator. The capacitor will go on discharging and all
energy will go to L.
Hence, there is an oscillation of energy from
electrostatic to magnetic and again to electrostatic.
34. Refer to text on page 298.

35. (i) Refer to text on page 299.

(i) Let initially, I, be current flowing in all the three
circuits. If frequency of applied AC source is
increased, then the change in current will oceur in
following manner.

(a) AC circuit containing resistance only where,
v, = initial frequency of AC source.

1

I

i —

Frequency of AC source

There is no effect on current with the increase in
frequency.

(b) AC circuit containing inductance only with the
increase of frequency of AC source, inductive
reactance increases as,

!_ Vn‘r‘ — Vm
X, 2mvL
= X, =2nrvL

N 1
For given circuit, [ = —
v

Current decreases with the increase in frequency.

1

Vi

W
Frequency of AC source
{c) AC circuit containing capacitor only
1 1
TwoC  zrve

Current, [ = V—'“': Y o

X 1
2avC

I=2nvCV,,
For given circuit, [ = v
Current increases with the increase in frequency.

C

el

Frequency of AC source

36. Refer to text on page 298,
For graph showing variation of current with
frequency Refer to text on page 299.

The receiving antenna picks up the frequencies
transmitted by different stations and a number of voltage
appears in L-C-R circuit corresponding to different
frequencies. But maximum current flows in circuit for
that AC voltage which have got the frequency is equal to
resonant frequency of circuit

1

2/ LC

For higher quality factor resonance, the signal received
from other stations becomes weak due to sharpness of

resonance. Thus, signal of desired frequency or program
is tunned in.

37. (i) Refer to text on pages 297, 298 and 299.
(ii) Acceptor circuit is series L-C-R circuit.

ie. v=

38. For graph refer to text on page 299 and for conditions
and Q-factor refer to text on pages 299 and 300.



39. (i) Device X is a capacitor.
As, the current is leading voltage I:qr%rad.in.m.

(ii) As, E (t) Egsinmt
Current, {{t)={, cos wt
As, in the case of capacitor,

I=1 si.n[mr+%] [current is leading voltage]
Average power, P= E (t)/(t)= E  f,cosd/2
where, ¢= phase difference
Hence, curve A represents power, curve B represents
voltage and curve C represents current.
- 1
(iii) As, X.= capacitive reactance = o
where, @ is angular frequency.
So, reactance or impedance decreases with increase
in frequency. Graph of X versus m is
shown below,
Phasor diagram

Current leads emf by 2 radians
(iv) Refer to text on page 296.
40. (i) Refer to text on page 300,
(ii) Average power delivered by an AC circuit is
P, =V, I .cosd

where, cos ¢ is known as the power factor for the
cireuit.

If cos ¢ is minimum, the power delivered is
minimum and hence, power dissipated will be
maximum for the circuit.

(iii) Refer to text on page 301.
41. (a) Given, V = V, sinwt

T
I'=1,sin [mr + E]

As it is clear that, the current leads the voltage by a
phase angle Iz
2

oo The device X is a capacitor.

(b)

(c) The reactance of the capacitance is given as
1
c =

w
where, o = angular frequency

and C = capacitance of capacitor.
1

vl

c =
1
where, v = frequency of AC or X, = 7

.. The graphical representation between reactance of
capacitance and frequency is given as

!
xﬂ

(d) Phasor diagram

42, (i) As given, F =140sin314¢
On comparing with E = E; sin at, we have
=314, E,=140 V

W = 2mv

- =£= 314 =50 Hz

2n 2x314
(i) E,=140V

E 140

E ==t =9920V

N SR 1
“ I =E—““‘=E=IQEA

™ R 50
43. Given, L=05H, R=10010,
v =50 Hz, Vr_ =240V
v, ~ 2 % 240
JR“ +m*L* - .f{lm;ﬁ +({100% &t % 0.5)°

[ = 2y =100 xt)

i 1I,=

=182A
(i) 3.19%107"s; refer to Example 5 of on pages 298 and 299,

44. (i) Impedance, Z = 1"R2 + X7
= |R* +[ ! )z
nvC

F 4
= f(40)" + ! =480
) =
2% 3.14 % 60 % 100 x 10

E 1oV
=V L'.- =—
Z 4802

and f,,:«EIV:me%:a_zam

As, I, =



(ii) As, tandp=—=
R  2rvCR
l — = 06628
2x3.14 X60x10 x40
= d=tan™" (0.6628) = 33.5°= B
180
= Tinie g, fo Dasat 1
® 180 2mx60
=1.55%107"s

45. Given, applied voltage, V=140sin100mtt V

c=2ur=Lx107*F,
n n

5
L= ; l‘L R=400Q
Comparing with V = V sinwt, we get
V, =140V and @ = 100x
Inductive reactance, X, = @L = 1007 X S 500 Q
n

1007 X 0y 10°°

T

Capacitive reactance, X = L:
oC

=200Q

Impedance of the circuit, Z = \’Rz +(X, - Xe)?

= \J(400)* + (500~ 200)*
= V1600 + 900 = 500 Q

Maximum current in the circuit,
V, 140
[j=—2L=—

Z 500

_ I, 140
1= o R 02 A

Ve across resistor, Vy =1_R

=0.2x400=80V
V.. across inductor, V, = I __ X,

=0.2x500 =100V
V.. across capacitor, V.= 1 __ X,

=02x200=40V
Now, VaV, +V, +V,
Because V., V, and V, are not in same phase, instead

v=View, -V’
- 1fzm2 +(100-40)* =100V

which is same as that of applied rms voltage.
46. Refer to Example 7 on page 301.
¢ =135°

Since, er.:L or X; < X
o’

Therefore, current is leading in phase by a phase angle

1357

47.

49.

50.

(i1) For unit power factor, cos ¢ =1

= R =1

2
JR’ + (mL - ;]
ol’

where, C” is the total capacitance.

2
1 )
= R2+[mL-—) =R*
wl’
= (|)L=;
oc’
1
=4 wlLl=10=—=—C
wC 1000
1
= C'=—=10"F =10
10° W

Additional capacitance C’ required in parallel
=C'-C=10yF — 2yF =8yF

Refer to Example 7 on page 301.

Phase difference, o= —4_1!:
Here, E, =10V, v =650 Hz, R=1009Q,

C=10pF=10x10"° F, L = 015 H,
A8 =10°C, ms=2]/°C
As, X;=2mnvL=2X %Exoso X 015= 612.86 Q

MK 2::1/(‘: l

=2448Q
22 pEx.
2X 7 X 650 x10 xX10

= Z =,}R‘ +(X, - X.)?

=/(100)* + (612.86— 24.48)* = 59682 Q

= I,=—=——=00168
Z 596

As, IjRt=(ms) A6
_(ms)AB _ 2x 10

=7086s

IZR  (0.0168)* x 100
Given, L=20H,C =2uF=2x10"°F,
R=10Q
Now.Q-factor=-l— £=..1_1 2_‘ oA -
RYC " 10Y¥2x10® 1010
1

=lo—_1=100

1
As, resonance frequency, v = T
2nVLC

1

Le. UHHE
V':u: 1 = 1 - 1 =-l—‘|.|'
Jo Jic 28 2



51 (i) Refer to Example 6 on page 317. Power absorbed, P=V,__ I, cos

s © i

v =3930 Hz For pure inductive circuit, ¢ = 90°
E 200
(1i) .'.I.=?“=—=2)’L P=0
i Thus, power spent in one half cycle is retrieved in the
52. Given, L=10H,C =40pF, R=606,V _ =240V other half cycle.
(i) Refer to the ). 54 on page 320.
w, = 50rad/s 58. Given, C=60pF=60x10"F,V__ =110V
i) C t at ting fi s
(ii) Current a ‘:ESGH; ing frequency and v =60Hz
Im=?=T"“‘ [~ at resonance, Z = R . I = Vi _ Vi
240 T X !
=—=4A vl
&0

(iii) Inductive reactance, X; = wl = Lo = Vi 20VC

At resonance, X, =, L =50x10=500 = 110X 2%3.14 X60X60X10~° = 25 A
Potential drop across inductor, Power absorbed, P =V, I, cos ¢
For pure capacitive circuit, ¢ = 90°

P=0
Thus, power spent in one half cycle is retrieved in the
other half cycle.

1 1
Lﬂr = -
JIC iznxzzxm“‘ 59. Given, L =5H, C = 80puF =80 x 107 °F,
R=400Q V =230V
(i) Resonance angular frequency,

8
1 [L 1|| 2 1 1
and = _—_— [ — w, = = =50 rad/s
Q R‘j: 10V3zx107" JLC  [5x80x107°
1

Vo=l xX, =4x500=2000V
53. Given, L = 20H, C=32x10*Fand R=100

10*
=—=125rad/s

E—_— =15 1
10x 4%107° (ii) Impedance, Z = R2+[ml. —LC]
1]
54. Refer to Q. 51 and Q. 52 on page 306. |
[Ans. 0.112 x 10° rad/s, 5A; 2.23] At resonance, 0 = —
55. 111.1 rad/s and 45.04; Refer to Q). 52 on page 306. Z =R=400Q
Now, to reduce the full width of half maximum by a Amplitude of current at resonance frequency,
factor of 2 without changing w_, we have to take J—
R_ 74 I =to _NZXZ0_ oiaa
R’=;= —=370 'z, 40
56. Here, R=10012, E, = 220V, v=50Hz I.= Iy _813_ 575 A
E, 220 2
i) Iy= 7y = Too =2ZA (iii) Potential difference across L,
{ii) Net power consumed, Vo= 1 x(w, x L)
P,=E,l,=220%x22=484W =575x50x 5 = 14375V
57. Given, inductance, L =44mH =44 x 107°H, V=220V Potential di.fferem:le BCTOSS CE; -
Frequency of inductor, v = 50 Hz Vo=l x - = 14375V

@, C  50% &0 10°°

Inductive reac e, X =2nvl o. Potential difference across L and C combination,

=2x3.14 %5044 X107 = 13.82 02

1
The rms value of current in the circuit, Vie = Jr""‘[m"L - mr.['] =
Ios = V'_rﬂ=ﬁ=15_qﬁ . Potential difference across R,
X, 1382

Ve=1,R=575x%40= 230V



60. Given, L=80mH=80x10"H, R=0, v=50Hz
C =600F =60%107°F,
@ = 2y = 100% rad/s
Vo =230V,
and  V, =2V =+2x230V

23042

_ 1
1007 % 80 X107 — ———————
1007 X 60 % 10
23042

(sn_mm]
6
;oo d _-ues o
P Sl

Hence, negative sign indicates that emf lags behind
the current by 90°.

(ii) For L, V; =1 L
=823x 1007 % 80107
= 20684 V

=-1163 A

1

ForC, V.= Im‘L =823K —0 —————
wC 100 x 60 x 10”*
=43684V
Since, voltage across L and C are 180° out of phase,

therefore they are subtracted.

Thus, applied rms voltage = 436.84 —206.84
=300V

(iii) Average power transferred per cycle by source to
inductor is always zero because of phase difference
of 1 /2 between voltage and current through L.

(iv) Average power transferred per cycle by the source to
capacitor is always zero because of phase difference
of /2 between voltage and current through C.

(v) .. Total average power absorbed by the circuit is also
Zero.

6l. Given, L=0.12H, C =480 nF=480%10" F

R=23Q,V_, =230V, V,=2304J2V
Ve

e (o)

I, would be maximum, if

1
ﬁ}r=|‘_|_]=—

JLC

1

]mz % 480 x 107

41667 radfs

(i) I =

)
. Source frequency, v = —=
2m

4166.7
= =663.14 Hz
2R

JEXE'}!]

23

= |e=

= I.=

=1414 A
(ii) Average power absorbed by the circuit is maximum, if
I'=1, atwm=wm,

1 1 .
P, = EI;R = E(14.14]1‘ ® 23

= 22993 W = 2300 W

(ili) Power transferred to circuit is half the power of
resonant frequency, when
R 23

Al = —= = 05.83 rad.u"s
2L 2x0.12
Av=20_958 ol
in 2n

- Frequency when power transferred is half
=v, £ Av=663.14 £152

= 7834 and 54794 Hz

s Current amplitude at these frequencies
I, 1414

=——=10
J2 1414



| TOPIC 3|
AC Devices

CHOKE COIL

Choke coil is an elecrrical device used for cunrm”ing
current in an AC circuit without wasting electrical energy in
the form of heat.

(i) To reduce low frequency alternating currents, choke
coils with laminarted soft iron cores are used. These are

called af'choke coils.
(ii) To reduce high frequency alternating currents, choke
coils with air cores are used. These are called rf choke

coils.

TRANSFORMER

It is a device, which is used to increase or decrease the
altcrnating mlmg:.

The rransformers are of the fa”awing types
1. Step-up transformer
2. Step-down transformer

Laminated
T/ core
— 11
Input 1 Output
mﬂﬂma(:) primary L sacondary
coil (p) coil(s)
]
L
Step-down transformer
Principle

Transformer is based upon the principlc of mutual induction.

Construction

It consists of two coils, primary coil ( p) and secondary coil
(5), insulated from ecach other wounded on soft iron core.
Often the primary coil is the input coil and secondary coil is
the output coil. These soft iron cores are laminated o
minimise eddy current loss.

Working and Theory

The value of the emf induced in secondary coil due to
alternating voltage applicd to primary coil depends on the
number of turns in the sccundar}r coil. We consider an ideal
transformer in which the primary coil has neglig;il:]e

resistance and all the flux in the core links both primary and
secondary windings. Let & be the flux in each turn in the
core at time ¢ due to current in the primary when a vnltag:
V? is applied to ir.
Then, the induced emf or \ro|tagc E ,in the sccandary with
N, turns is

dth

E ==-N, — A1)
dt

The alternating flux § also induces an emf, called back emf

in the primary. This is
_ do
E p== N A E
But EP = VP . If this was not, so the primary current wo uld
be infinite, since the primary has zero resistance
(as considered). If the secondary is an open circuit or the
current taken from it is small, then toa gﬂod approximation.

11

E, =V,

where, IV, is the voltage across the secondary.

5

Therefore, Egs. (i) and (ii) can be written as

p

Vf:_N‘I ...(mi)
and VP=_NP% ... liv)
From Egs. (ii1) and (iv), we have

VJ Nl

—_—— cedw)

V}, NP

The above relation has been obrained using three

assumptions.

(i) The primary resistance and current are small.

(if) The same Hux links both the primary and the

secondary as very little flux escapes from the core.

(i11) The stcand.'lry current is small.

If the transformer is assumed to be 100% efficient
(no energy losses), the power input is :qual to the power
output. Since P = IV, we get

!F V.P:'rl V, 1)
Althuu.gh, some energy 1s alwa)rs lost, stll this is a gch:rd
approximation, since a well designed transformer may have

an l:ml:itnq' of more than 95%.



[:ambining Egs. (v) and (vi), we have

oo (vil)

Since, I and V' both oscillate with the same frequency as the
AC source, Eq. (vii) also gives the ratio of the amplitudes or
rms values of mrr:sponding quantities.

NDW, wWe can DIJSE]'\"C hDW a tra.nsfm'mcr afﬁ:cts tl'lf \-’Dltﬂgﬂ
and current, we I'Iﬂ.\-"f

N N
Vv, = [—]v and I = [—‘“]f
NP P N, F

Thar is, if the sn:andary coil has a greater number of turns
than the primfl.ry (Le.N, > N’ }, the vctltagc is stepped up
v = Vﬁ ). This type of arrangement is called a step-up

AT

transformer. However, in this arrangement, there is less

current in  the s:cnndary than in the primary

(ie.N, /N, <land I, <1,).

If the secondary coil has less number of turns than the
primary (Le .V, < N’ ), we have a step-down transformer.

In this case, V < VP and I > f’ . Thar is, the vulragc 15

stepped-down, (or reduced) and the current is increased.
The equarions obtained above apply to ideal transformers
(without any energy losses).

Energy Loss in Transformers

In actual transformers, small energy losses do occur due to
the fa"crwing rcasons.

(i) Fluxleakage There is always some leakage of flux that
is not all of the Alux due to primary passcs thrau.gh the
secondary. This is due to poor design of the core or the
air gaps in the core. It can be reduced b}' winding the
primary and secondary coils one over the other.

(11) Resistance of the windings The wire used for the
windings has some resistance and so, energy is also
lost due to heat produced in the wire (/ ZR}. In high
current, low voltage windings, energy losses are
minimised by using thick wire.

(iii) Eddy currents The alternating magnetic flux induces
eddy currents in the iron core and causes hearing, The

effect is reduced b}r having a laminared core.

(iv) Hysteresis The magnetisation of the core is
repeatedly reversed by an alternating magneric field.

The rcsulting l:xpcndirurc chncrgy in the core
appears as heat and is kcpr to 2 minimum b}r using a
magnetic material which has a low h}rstcrcsis loss.

Uses of Transformers

Transformers are used in almost all AC operations. Some of
the following are given below.

(1) In the induction furnaces.

(i1) In voltage regulators for TV, computer, refrigerator,
erc.

(iii) A step-down transformer is used for the purpose of
weldings.

EXAMPLE |1| How much current is drawn by the
primary coil of a transformer which steps down 220 V to
22 V to operate device with an impedance of 22007

Sol. Given, E_ =220V, E, =22VandR, =22002
since, I,=f1=22_01a
R 220

In an ideal transformer, £ = E
] Ep

IP= E, ®I,
EF

_22x01_
220

EXAMPLE |2| A step-down transformer converts a
voltage of 2200 V into 220 V in the transmission line.
Number of turns in primary coil is 5000. Efficiency of
transformer is 90% and its output power is & kW.
Determine
(i) number of turns in the secondary coil.
(ii) input power.
Sol. Given, E,=2200V, E, =220V, N, =5000
Efficiency, 1) =90%
Output power, P, = 8 kW
Since, efficiency,

_ Output power _ I
E

Input power
= P =i =—E =89 kW
N 90/100
E
Also, L=—L= N, =500
s Ep



TOPIC PRACTICE 3 |

OBJECTIVE Type Questions

1.

A power transmission line feeds input power at
2300 V to a step-down transformer with its
primary windings having 4000 turns. What
should be the number of turns in the secondary
in order to get output power at 230 V?

(a) 600 (b) 550 (c) 400 (d) 375

The output of a step-down transformer is
measured to be 24 V when connected to a 12 W

light bulb. The value of the peak current is
NCERT Exemplar

(b)+Z A

(d) 242 A

What is not possible in a transformer?
{a) Eddy current

(c) Alternating current

(a)1/4/2A
(c) 2A

(b) Direct current
{d) Induced current

The large scale transmission and distribution of
electrical energy over long distances is done

with the use of
{a) dynamo (b) transformers

{c) generator (d) capacitor

A B0 W load is connected to the secondary of a
transformer whose primary draws line voltage of
220 V. If a current of 0.54 A flows in the load,

to 440 V DC supply, what will be the induced

voltage in the secondary side?

11. What would happen if the primary winding of a
transformer is connected to a battery?

SHORT ANSWER Type Questions

12. A100% efficient transformer has n, turns in its

primary and n, turns in its secondary.

If the

power input to the transformer is W (watt),

what is the power output?

13.

Answer the following questions.
(i) A choke coil in series with a lamp i

5

connected to a DC line. The lamp is seen to

shine brightly. Insertion of an iron
the choke causes no change in the
brightness. Predict the correspond

core in
lamp's
ing

observations, if the connection is to an AC

line.
(ii) Why is choke coil needed in the us

e of

fluorescent tubes with AC mains? Why we
cannot use an ordinary resistor instead of

the choke coil?

14.

NCERT

When a DC voltage is applied to a transformer,
the primary coil sometimes will overheat and
eventually burn. Explain, why?

LONG ANSWER Type [ Questions

then what is the current in the primary coil?
(a) 27A (b) 0.27 A
(c) 1.65A (d) 2.85 A

VERY SHORT ANSWER Type Questions

6.

7.

10.

Can we control direct current without much
loss of energy? Can a choke coil do so?

Write the name of quantities which do not
change during transformer operation.

Mention the two characteristic properties of the
material suitable for making core of a
transformer. All India 2012

Atransformer is used to step-down AC voltage.
What device do you use to step-down DC
voltage?

A transformer has 150 turns in its primary and
1000 in secondary. If the primary is connected

17.

18.

15. Write the function of a transformer. State its
principle of working with the help of a diagram.
Mention various energy losses in this device.

Delhi 2016

16. Transformer A has a primary voltage E , and a

secondary voltage E_. Transformer B has twice
the number of turns on both its primary and
secondary coils compared with transformer A
If the primary voltage on transformer B is 2E ,
what is its secondary voltage? Explain briefly.

At a hydroelectric power plant, the water
pressure head is at height of 300 m and the
water flow available is 100 m?/s. If the turbine
generator efficiency is 60%, estimate the
electric power available from the plant.
(Take, g = 9.8 m/s?)

1 MW power is to be delivered from a power
station to a town 10 km away. One uses a pair of
Cu wires of radius 0.5 cm for this purpose.
Calculate the fraction of chmic losses to power
transmitted, if



(i) power is transmitted at 220 V. Comment on
the feasibility of doing this.

(ii) a step-up transformer is used to boost the
voltage at 11000 V, power transmitted, then a
step-up transformer is used to bring voltage
is 220 V.(Take, pp, = 1.7x 107 SI unit)

NCERT Exemplar

LONG ANSWER Type II Questions

19.

20.

(i) Draw alabelled diagram of a step-down
transformer. State the principle of its
working.

(ii) Express the turn ratio in terms of voltages.

(iii) Find the ratio of primary and secondary
currents in terms of turn ratio in an ideal
transformer.

(iv) Define choke coil. All India 2016

Draw a schematic diagram of a step-up
transformer. Using its working principle,
deduce the expression for the secondary to the
primary voltage in terms of number of turns in
the two coils? In an ideal transformer, how is
this ratio related to the currents in the two
coils? How is this transformer used in large
scale transmission and distribution of electrical
energy over large distances?

NUMERICAL PROBLEMS

21.

22,

23.

24,

How much current is drawn by the primary of a

transformer connected to 220 V supply when it

delivers power to a 110 V-550 W refrigerator?
All India 2016

A power transmission line feeds input power at
2200 V to a step-down transformer with its
primary windings having 3000 turns. Find the
number of turns in the secondary winding to
get the power output at 220 V. Delhi 2017

1 kW power is supplied to a 200 turns primary
of the transformer at 500 mA. The secondary
gives 220 V. Find the number of turns in the

primary.

The primary coil of an ideal step up
transformer has 100 turns and transformation
ratio is also 100. The input voltage and power
are respectively 220 V and 1100 W. Calculate
(i) the number of turns in secondary.
(ii) the current in primary.
(iii) the voltage across secondary.

25.

26.

27.

28.

29.

(iv) the current in secondary.

(v) the power in secondary. Delhi 2016

A 60 W load is connected to the secondary of
transformer whose primary draws line voltage.
If current of 0.54 A flows in the load, what is the
current in the primary coil? Comment on the
type of transformer being used. NCERT Exemplar

A step-up transformer is operated on a 2.5 kV
line. It supplies a load with 20 A. The ratio of
the primary winding to the secondary is 10 : 1.
If the transformer is 90% efficient, calculate
(i) the power output  (ii) the voltage and

(iii) the current in the secondary.

A step-down transformer is used at 220 V to
provide a current of 0.5 Ato a 15 W bulb. If the
secondary has 20 turns, find the number of
turns in the primary coil and the current that
flows in the primary coil.

A step-up transformer operates on a 220 V line
and supplies a load of 2 A. The ratio of the
primary to the secondary windings is 1:5.
Determine the secondary voltage, primary
current and power output. Assume efficiency to
be 100%.

A small town with a demand of 800 kW of
electric power at 220 V is situated 15 km away
from an electric plant generating power at
440 V. The resistance of the two wires line
carrying power is 0.5 Q/km. The town gets
power from the line through a 4000-220 V
step-down transformer at a sub-station in the
town.
(i) Estimate the line power of loss in the form
of heat.
(ii) How much power of the plant supply,
assuming there is negligible power loss due
to leakage?

(iii) Characterise the step-up transformer at the

plant. NCERT

30. Do the same question as above with the

replacement of the earlier transformer by a
40000-220 V step-down transformer (neglect,
as before, leakage losses though this may not
be a good assumption any longer because of
the very high voltage transmission involved).
Hence, explain why high voltage transmission is
preferred? NCERT



L

9.

10.

HINTS AND SOLUTIONS I

(c) Here, &, = 2300 V, N | = 4000, &, = 230 V

Let N, be the required number of turns in the secondary

A B ”‘.N,=Nr[£_‘}

g, N, Ep

{a) Secondary voltage, V; = 24V
Power associated with secondary,
F,=12W
_B_12

STV, =

=lﬁ=ﬂ5ﬁ
2

Peak value of the current in the secondary,

ID=Is'\!E
1
=(05)(1414)=0707 = A
(05)( ) E

(b) Transformer is used to convert the value of AC
voltage. It works on the principle of electromagnetic
induction. So, direct current is not possible in it.

(b) Large scale distribution and transmission of electrical
energy over long distances is done with the help of
transformer.

(b) P =60 W,EF =220V, i, =054 A

As, P=eg
= e, =22V _j1ov
0.54 A
As, B i, =g,
Ilﬂ = E—‘ i =[ 110V ){ﬂﬂﬁ}:ﬂ.z?ﬁ
E, 2200V

Mo, there is no such device that can control DC without
any energy loss. Even a choke coil cannot control DC.

Power and frequency.

(i) Low retentivity or coercivity.

(ii) Low hysteresis loss or high permeability and
susceptibility.

An ohmic resistance can be used to step-down DC

voltage, such as in potential dividing arrangement.

Zero, as transformer works only in AC and in case of
DC supply, there is no induced emf in secondary
because there is no change in flux through the
transformer circuit.

1L

12.

13.

14.

15.
16.

17.

Transformer works only in AC. When primary is
connected to DC, there is no induced emf in secondary
coll as there is no change in flux leakage.

For 100% efficient transformer, F =P,

~ The power output is W (watt).

(i} A choke has no impedance, if it is connected to DC

line. Therefore, lamp shines brightly and has no effect
on inserting iron core in the choke.
But choke offers impedance, if it is connected to AC
line. So the bulb lights dimly. When an iron core is
inserted in the choke, the impedance to AC increases.
Hence, the brightness of the bulb decreases.

(ii) We use the choke coil instead of resistance because
the power loss across resistor is maximum, while the
power loss across choke is zero.

For resistor, § =0°,
P=1_V__ cos0®
= I e Vige = maximum
For inductor, (choke coil)
¢ =90°,
P=1_.V . cos90%=0
If in a case, the transformer primary winding would be
connected to a DC supply, the inductive reactance of the
winding would be zero as DC has no frequency. So, the
effective impedance of the winding will therefore be
very low and equal only to the resistance of the copper
used. Thus, winding will draw a very high current from
the DC supply causing it to overheat and eventually
burn out, becanse as we know [ =V /R

Refer to text on pages 315 and 316.

Given, N, =2N_,,, Ng=2N,,Eg=2E,,
As we know, £=E_=
NP E'1
Faor transformer B, Na _2Nu _Es
Ny 2N, Egq
E E E
= — o B A =2F,
Epﬂ EEM EjmJI

-~ Secondary voltage on transformer B is equal to the
twice of secondary voltage on transformer A.

volume

Given, height, h=300m, V= =100m’/s,

SEC
N=60% g=98m/fs"

Electric power =7
Work _ Force x Displacement

Hydroelectric power =
Y Time Time

= Force x Velocity

= Pressure x Area ¥ Velocity

= Pressure = Volume= px V

&0 3
- Power available = —pV==xhxpx gxV
lﬂﬂp s pxg



=2 %300x10" x9.8%100
5

[ density of water = 10" kg /m?)

= 1.764x10* = 176.4 MW

18. (i) The town is 10 km away, length of pair of Cu wires

used, / = 20 km = 20000 m.
Resistance of Cu wires,

1 l Ix 107 x 20000
mr)?  3.14(05% 107)?

Tat220V, VI=10°W; I =%= 0.45% 10'A

ol
P =P

RI* = power loss = 4x (0.45)% x 10*> 10° W

Therefore,
transmission.

(ii) When power, P =10° W is transmitted at 11000 V.

V7'=10° W= 110007’

Current drawn, /’= -lll-x 10*

p 1
Power loss = RI* =E x4x10° =33x10'W

3.3x 10*
10°
19. Refer to text on pages 315 and 316.
20. Refer to text on pages 315 and 316.
2L (iv) P, = P,, =550 W =&, =550
550 5

220)(1 -SSOﬂI =—=—-=25A
220 2

.. Fraction of power loss = =33%

22. Given, input voltage, V,, = 2200 V

Number of turns, n, = 3000
Output voltage, V, = 220 V

As, L. = ”_2
V,, n,
220 n,
= — N e—
2200 3000
220
= n, = —— X 3000
2200

~. Number of turns in the secondary winding,
n, =300 turns.
23. N, =22 refer to Q. 22 on page 318.

24. Here, N, =100, ﬁi-=1oo
N

P
£ =€,=220V, P =1100 W
(i) N,=100
= N, =10000

this method cannot be wused for

25.

26.

v I ,==s——=—

(iii) €, =-&-x2 =100x 220 = 22000 V
N P

4

P 1100 1
o .o P = P
€ 22000 20 (o= PRl

(v) PbL=P =P =1100W
Here, power, P, = 60 W

Current, [; =054 A
60

P,
Voltage, V, = t=—
I, 054

=111 V=111V

On average, the input current is half a load current.

I’= =ﬂ= 027 A
2

() A

The transformer is step-down.
Given, input voltage, V, = 2.5x 10° Vv
Input current, I,=20A

Also ﬂ& = 2 & = .l_ (l)
N, 1 N, 10
Ou
Percentage efficiency = SpU Pawer x 100

Input power
90 _ Output power
100 L

=2

90
(i) Output power = = x(VpI,)

=2 % (25% 16°V)x (20 A)
100

=45x10' W
(i) - 1‘.= &
VP N?
= V‘ = E‘— x VP
NP
Voltage, V,= % X 25% 10° V = 250 V
(ii) VI =45%x 10" W
4 4
Current, I Jasx10t _asx10t o0
vV 250

Approx 147 turns, 0.0682 A; refer to Q. 25 on page 318.
1000 V, 10 A, 2000 W; refer to Q. 26 on page 318.
Generating power of electric plant = 800 kW at
V = 220 V, resistance/length = 058 /km
Distance = 15 km, generating voltage = 440 V,
Primary voltage, V, = 4000 V
Secondary voltage, V, = 220 V
(i) Power = IP . V’

= 800 x 1000 = I’X4000



= l' =200 A
Line power loss in form of heat
=(l‘,)z x R (2 lines)

=(I,)* x05x15x2
= (200)* x0.5x15% 2

=60x 10* W= 600 kW
(i1) If there is no power loss due to leakage, then
the power supply by plant = 800 + 600 = 1400 kW
(iii) Voltage drop across the line = I - R(2 lines)
=200x 0.5% 15x 2= 3000V
Voltage from transmission = 3000+ 4000 = 7000 V

As, it is given that the power is generated at 440 V.
So, the step-up transformer needed at the plant is
440V-7000 V.

30. Given, primary voltage, V, = 40000 V
Let the current in primary be [ .
Vol =P
800 x 1000 = 40000 X Ip

I,=20A
(i) Line power loss =1 : X R (2 lines)
=(20)* x 2% 0.5% 15
= 6000W= 6 kW
(ii) Power supply by plant = 800 + 6 = 806 kW
Voltage drop on line =1,-R (2 lines)
=20x2x05x 15
=300V
Voltage for transmission = 40000 + 300= 40300 V

Step-up transformer needed at the plant
= 440 V-40300 V
Power loss at higher voltage

= .y X100 = 0.74%
300

Power loss at lower voltage

= fﬂ X 100= 42.3%
1400

Hence, the power loss is minimum at higher voltage.
So, the high voltage transmission is preferred.



SUMMARY

Alternating Current If the direction of current changes
alternatively and its magnitude change continuously with
respect to time is called Alternating current. It is sinusoidal in
nature.

The instantaneous value of AC is given by I =/, sinat and
instantaneous value of alternating emf is given by £ = E, sinax.

Mean value of AC is that value which send same change
through a cicruit in half cycle which is sent by steady currentin
same time.

1, =086371,and E, = 0637E,

where, I and E; are the peak values of current and voltage,
respectively.

Root mean square (RMS) value of AC is that value over a
complete cycle that generates same amount of heat in the given
resistor that is generated by steady current in the same resistor.

I I,
I = and =
e = AN ey =L
A diagram representing alternating current and altemating emf

(of same frequency) as rotating vectors (phasors) with the
phase angle between them is called phasor diagram.

AC through Resistor Only In this case, there is zero phase
difference between instantaneous alternating current and
instantaneous alternating emf. So, they are in same phase.

AC through Capacitor Only In this case, the current leads the
voltage by a phase angle ol-;— or the voltage lags behind the

current by the phase angle of ;

X 1
Capacitive reactance, =—
% 2nfC
AC through Inductor Only In this case, the current lags behind

the voltage by phase angle of -g- or the voltage leads the current
by phase angle of % Inductive reactance, X; =2nfL.

AC through L-C-R Series Circuit In this case, Impedance

z=,[nz+(xL-)g.f

and 6= A

R
When X, > X, then the AC circuit is inductance dominated
circuit .
When X, > X, , then the AC circuit is capacitance dominated
circuit.

In series L-C-R circuit, if phase (¢) between current and
voltage is zero, then the circuit is said to be resonant circuit.

Resonating frequency is given by,
1

Ve 21:3LC

Quality Factor (Q-Factor) determines the sharpness of the
resonance.

1 L
factor =—,|—
Q-fact or Ve
Average Power Associated in AC Circuit,
Fay = Iins Egms COS O
= P,,=§?2--I cos@

Wattless Current is the current which consumes no power for
its maintenance in the circuit.

Transformer is used to increase or decrease the altrenating
voltage.
Itis of the two types
() Step-up Transformer N, >N,
VeV,
ls<ly
(i) Step-down Transformer N <N,
Ve <V
ls > 1,



CHAPTER

PRACTICE

OBJECTIVE Type Questions

1.

6.

If an AC main supply is given to be 220 V. What
would be the average emf during a positive
half-cycle?
(a) 198V
(c) 256V

(b) 386 V
(d) None of these

If an alternating voltage is represented as
E =141sin (628 1), then the rms value of the
voltage and the frequency are respectively

(a) 141V, 628 Hz

{b) 100V, 50 Hz
{c) 100V, 100 Hz
{d) 141V, 100 Hz

the rms voltage is 150 V, frequency v = 50 Hz
The inductive reactance is

(a) 1590 (b) 9.42Q () 102  (d) 8.85Q

In an AC circuit, the power factor

(a) is zero when the circuit contains an ideal
resistance only

(b) is unity when the circuit contains an ideal
resistance only

(c) is unity when the circuit contains a capacitance
only

(d) is unity when the circuit contains an ideal
inductance only

If in an alternating circuit, the voltage is V and
current is I, then the value of power dissipated
in the circuit is

(a) VI

(b) V12

(c) ‘.-"TNE

(d) depends upon the angle between V and [

In an AC circuit, the instantaneous values of
emf and current are e = 200 sin (314) t V and
I'=sin(314¢ + n/3) A. The average power
consumed is
(a) 200 W

(c) 50 W

(b) 100 W
(d) 25W

In a purely inductive AC cirecuit, L = 30.0 mH and

A coil of resistance 50 £ and inductance 10 H is
connected with a battery of 50 V. The energy
stored in the coil is
(a)125] (b)62.5]

(©250]  (d)500]

The value of power factor is maximum in an
alternating circuit, when circuit consists

(a) only inductive (b) only capacitive
(c)only L-C (d) only resistive

In R-L-C series circuit with

=100 nF two values of R are

(i) R =100 2 and

(ii) R =200 1. For the source applied with
V, =100V, Resonant frequency is

(a) 1x10° rad/s (b) 1x 10° rad/s

{c) 1.56% 10° rad/s (d) 1.753% 107 rad/s
10.

The L-C=-R circuit is connected to source of an
alternating current. At the resonance, the phase
difference between current flowing in the
circuit and potential difference will be

{a)zero (b)m/d (c)m/2 (d)ym

1l. The phenomenon of resonance is common
among systems that have a tendency

(a) to oscillate at a particular frequency

(b) to get maximum amplitude

{c) Both (a) and (b)

(d) Neither {(a) nor (b)

12. The value of emf in the secondary coil of
transformer depends on

{a) the number of turns (b) material used

(c) voltage (d) induced flux

ASSERTION AND REASON
Directions (Q. Nos. 13-21) In the following

gquestions, lwo slatements are given- one labeled
Assertion (A) and the other labelled Reason (R).
Select the correct answer lo these questions from
the codes (a), (b), (c) and (d) as given below
(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.



13.

14.

15.

16.

17.

18.

19.

20.

{b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.

(c) Assertion is true but Reason is false.

{d) Assertion is false but Reason is true.

Assertion Today, most of the electrical devices
use/require AC voltage.

Reason Most of the electrical energy sold by
power companies is transmitted and distributed
as alternating current.

Assertion Phasors V and [ for the case of a
resistor are in the same direction.

Reason The phase angle between the voltage
and the current is zero.

Assertion When the capacitor is connected to
an AC source, it limits or regulates the current,
but does not completely prevent the flow of
charge.

Reason The capacitor is alternately charged
and discharged as the current reverses each
half-cycle.

Assertion Capacitor serves as a barrier for DC
and offers an easy path to AC.

Reason Capacitor reactance is inversely
proportional to frequency.

Assertion If X > X, ¢is positive and the

circuit is predominantly capacitive. The current
in the circuit leads the source voltage.

Reason If X, < X, ¢ is negative and the circuit
is predominantly inductive, the current in the
circuit lags the source voltage.

Assertion In aseries R-L-C circuit, the
voltages across resistor, inductor and capacitor
are 8V, 16V and 10V, respectively. The resultant
emf in the circuit is 10 V.

Reason Resultant emf of the circuit is given by

the relation.
E=1u|V§ +(Vy - V)

Assertion Resonance phenomenon is exhibited
by a circuit only if both L and C are present in
the circuit.

Reason Voltage across L and C cancel each
other and the current amplitude is V_ /R, the
total source voltage appearing across R causes
resonance.

Assertion In series L-C-R circuit resonance
can take place.

Reason Resonance takes place if inductance
and capacitive reactances are equal and

opposite,

21. Assertion The wire used for the windings of
transformer has some resistance.
Reason Energy is lost due to heat produced in
the wire (I’R).
CASE BASED QUESTIONS

Directions (Q.Nos. 22-23) These questions are
case study based questions. Attempt any 4
sub-parts from each question. Each question
carries 1 mark.

22,

L

The Transformer
Transformer is a device, which is used to
increase or decrease the alternating voltage.
The transformers are of the following types
Step-up transformer 2. Step-down transformer
Laminated
/DDTH‘
— 1
Input 4 [ Output
AC E
source() primary) b secon
cail g}  col(s)
—=
ey

Transformer is based upon the principle of
mutual induction. It consists of twao coils,
primary coil (p) and secondary coil (s), insulated
from each other wounded on soft iron core.
Often the primary coil is the input coil and
secondary coil is the output coil. These soft iron
cores are laminated to minimise eddy current
loss.
(i) What is not possible in a transfomer?

(a) Eddy current

(b) Direct current

(c) Alternating current

(d) Induced current

(ii) Which quantities do not change during
transformer operation?

(a) Power (b) Frequency
(c) Voltage {d) Both (a) and (b)

(iii) A transformer has 150 turns in its primary
and 1000 in secondary. If the primary is
connected to 440 V DC supply, what will be
the induced voltage in the secondary side?
(a) 00V (b) 3V () 5V (d) Zero



23.

(iv) The ratio of secondary to primary turns in
an ideal transformer is 4 : 5. If power input is
P, then the ratio of power output to power
input is
(a) 4:9 by 9:4
(c) 5:4 (d) 1:1

(v) A power transmission line feeds input power
at 2300 V to a step-down transformer with
its primary windings having 4000 turns.
What should be the number of turns in the
secondary in order to get output power at
230 V7
(a) 600
(c) 400

(b) 550
(d) 375

AC Generator

An AC generator produces electrical energy
from mechanical work, just the opposite of
what a motor does. In it, a shaft is rotated by
some mechanical means, such as an engine or a
turbine starts working and an emf is induced in
the coil.

It is based on the phenomenon of
electromagnetic induction which states that
whenever magnetic flux linked with a
conductor (or coil) changes, an emf is induced

in the coil.
oL

;. B

g=0°

(i) Which method is used to induce an emf or
current in a loop in AC generator?
(a) A change in the loop’s orientation
(b) A change in its effective area
{c) Both (a) and (b)
(d) Neither (a) nor (b}

(ii) When the coil is rotated with a constant
angular speed w, the angle & between the

magnetic field vector B and the area vector
Aof the coil at any instant f, is

(a) 0= AB (b) 8= At
() =t (d) 0=Bt

(iii) The change of flux is greatest at 8 is equal to
(given, ¢y = NBAcosmr)

(a) 90°, 270° (b) 90°, 45°
(c) e0®, 90 {d) 180°, 90°®

(iv) The graph below shows the voltage output
plotted against time. Which peoint on the
graph shows that the coil is in a vertical
position?

| '\.\___F/"S

R

Vo

(a) P (b) Q (c) R (d) §

(v) An AC generator consists of a ceil of 1000
turns and cross-sectional area of 100 cm?,
rotating at an angular speed of 100 rpm in a
uniform magnetic field of 3.6 x 107 “T. The
maximum emf produced in the coil is
(a) 1L.77V by 277V
(c) 3.77V (d) 477V

VERY SHORT ANSWER Type Questions

24.

25.

26.

27.

Prove mathematically that the average value of
alternating current over one complete cycle is
ZEro.

Draw the graph showing the variation of
reactance of (i) a capacitor (ii) an inductor with
the angular frequency of an AC circuit.

Distinguish between resistance, reactance and
impedance for AC circuit.

The total impedance of a circuit decreases,
when a capacitor is added in series with L and
R. Explain why?

SHORT ANSWER Type Questions

28.

29.

30.

31.

Show mathematically that an ideal inductor
does not consume any power in an AC circuit.

Discuss the use of transformer for long distance
transmission of electrical energy.

What are the factors which reduces the
efficiency of the transformer?

What is iron loss in a transformer and how it
can be reduced?

LONG ANSWER Type I Questions

32.

33.

Draw a circuit diagram showing a series L-C-R

circuit and derive an equation for its resonant
frequency.

Explain the principle, construction and working
of a step-down transformer. Can it be used with
a DC circuit?



34. Find the expression for the true power and
apparent power in an AC circuit. Determine the
condition so that current in the circuit may be
wattless.

35. An AC source of voltage,V =V, sinwt, is

applied across a series L-C-R circuit. Draw the
phasor diagram for this circuit when the,
(i) capacitive impedance exceeds the inductive
impedance.
(ii) inductive impedance exceeds the capacitive
impedance.

36. Answer the following questions.

(i) In any AC circuit, is the applied
instantaneous voltage equal to the algebraic
sum of instantaneous voltage across the
series elements of the circuit? Is the same
true for rms voltage?

(ii) A capacitor is used in the primary circuit of
an induction coil. Why?

(iii) An applied voltage signal consists of
superposition of a DC voltage and an AC
voltage of high frequency. The circuit
consists of an inductor and a capacitor in
series. Show that the DC signal will appear
across C and the AC signal

across L. NCERT

LONG ANSWER Type II Question

37. (i) Obtain the expression for the average power
consumed in a series L-C-R circuit
connected to AC source for which the phase
difference between the voltage and the
current in the circuit is ¢.

(ii) Define the guality factor in an AC circuit.
Why should the quality factor have high
value in receiving circuits? Name the
factors on which it depends.

NUMERICAL PROBLEMS

38. The electric mains in a house are marked 220 V,
50 Hz. Write down the equation for
instantaneous voltage.

39. What is the power dissipation in an AC circuit
in which voltage and current are given by
E = 300sin{wt + n/2) and [ = 5sinw?

40. How much current is drawn by the primary coil
of a transformer, which step-down 220 V-44 V
to operate a device with an impedance of
44007

| ANSWERS

L (a) 2. (o) 3. (b) 4. (b 5. (d)
6. (0 7. (a) 8 (a4 9. (a) 10. (a)
11. (a) 12, (a) 13. (a) 14. (a) 15. (a)
16. (a) 17. (b)

18. (a) The resultant emf in the L- C- R circuit is given by

E =1||'v§ +(V, = Vo
= E =+/(8)" + (16— 10)°
— E=Jm = F=10V

19. (a) It is important to note that resonance phenomenon is
exhibited by a circuit only if both L and C are present in
the circuit. Only then do the voltage across L and C
cancel each other (both being out of phase) and the
current amplitude is V, /R, the total source voltage
appearing across K. This means that we cannot have
resonance in a B-L or R-C circuit.
20. {(a)
21. (b
22, (i) (b) Transformer is used to convert the value of AC
voltage. It works on the principle of electromagnetic
induction, so direct current is not possible in it.
(ii) {d) The power and frequency do not change in a
transformer operation. It changes voltage in a circuit.
(i1i) {d) As transformer works only in AC and in case of
DC supply, there is no induced emf or voltage in
secondary because there is no change in flux through
the transformer circuit.
(iv) {d) In an ideal transformer, there is no energy loss and
flux is completely confined with the magnetic core,
i.e. perfectly coupled.
So, RA =1
PI'I
(v) (c) Here, £, = 2300 v, Nr =4000, &, = 230V
Let N, be the required number of turns in the

secondary.
A
g N,
=5 NJ =N E—‘ = 4000 230V = 400
Fle, 2300 V

23. (i) (c) One method to induce an emf or current in a loop
is through a change in the loop’s orientation or a
change in its effective area.

As the coil rotates in a magnetic field B, the effective
area of the loop (the face perpendicular to the field) is
Acos 8, where 0 is the angle between A and B.



(i1} (c) When the coil is rotated with a constant angular
speed @, the angle 8 between the magnetic field
vector B and the area vector A of the coil at any
instant t is 8 = wt (assuming B=0"at t =0}

di

{iii) (a) 5
for mt =6 =90°, 270°, 6 =90°, 270°.

{iv) (B) When the coil passes through its wvertical
position, its side is moving parallel to the magnetic
flux between the magnetic poles, so no change of
flux occurs. Hence, no emf is induced in it and

output voltage is zero, i.e. at point Q.
(v) (c) Given, N =1000, A =100 cm” = 1072 |n2,

= —NBAwsinwt, change of flux is greatest

100
W =100 rpm = —rps
60

and B=36x107 T
<. Maximum emf produced in the coil is
e, = NBA w = NBA (2rv)

Y 22 100
=1000x3.6x10 " X100 "X 2X —X—
7 60
=377V
24, Refer to text on page 300.
25. M (ii)
Xe
XL
— —o

26. The basic function of the three is the same i.e. to
oppose the flow of current through the circuit. But
the difference lie in their expressions. As,
Resistance, R=V /I
Capacitive reactance, X = -

wl
Inductive reactance, X; = wl

Impedance, Z = 1JR2 +(X, - X\

27. Impedance of an L-R circuit is

z =«,']R2 +Xx,°

But with the introduction of a capacitor in series with a L
and R, the new impedance will be
Z' =R +(Xp - X f
Hence, the total impedance decreases.
28. Refer to text on pages 295 and 296.
29. Refer to text on pages 316.
30. Refer to text on page 316.
31. Refer to text on page 316.
32. Refer to text on pages 297 and 298,
33. Refer to text on pages 315 and 316.
34. Refer to text on pages 300 and 301.
35. Refer to text on pages 297 and 298.

36. (i) Yes, it is true for instantaneous voltage.

No, it is not true for rms voltage because voltages across
various elements may not be in same phase.

(ii) Because when the circuit is broken, then the large
amount of induced voltage is used up in charging the
capacitor. Thus, sparking is avoided.

(i) X; =wl =2rvL

Casel For DC, If v=0, then Xy ==
Thus, capacitor blocks DC

Case Il For AC of higher frequency, X is also higher, thus the
inductor blocks the current. Hence, AC signal appears
across L.

37. (i) Refer to text on page 300.
(i) Refer to text on pages 299 and 300.

38. Refer to text on page 301. [Ans. 220&5]1111]01“]
39. 720W, P, = E, /42,1, /2 cos®, [here, 8 =0

40. Refer to Example 1 on page 316. [Ans. 0.024)



