After studying this chapter, the students will be able to: Q
© analyze equations of the form x = x_sin (wt) representing a sinusoidally a@ rrent
orvoltage.
@ understand and describe the terms period, frequency and the p ueas appliedtoan
alternating current or voltage.
@ differentiate between root-mean- square (rms) and peak.val ﬁ; lms = % and

Ve = T°2 for a sinusoidal alternating current and vo)@

know about the fact that the mean power ina resistive load is half the maximum power fora
sinusoidal alternating current.

understand the phase of AC and ho\nﬂ) a
describe impedance —the unseen fi
reactance of capacitors and indu
apply the knowledge to calculate actance of capacitors and inductors.

identify inductors as impaertantcomponents of AC circuits termed as chokes [devices which
presenta high resist alternating current].
I

distinguish graphica ¢ en half-wave and full-wave rectification.
fa siag diode for the half-wave rectification of an alternating current.
vof four diodes (Bridge Rectifier) for the full-wave rectification of an

% ,and leads in AC circuits.
vector summation of resistance of resistors and

® & GO V6 O @

174 ALTERNATING CURRENT AND ITS CHARACTERISTICS
An alternating current AC means a sinusoidally varying current which can be
represented by time dependent sine or cosine functions. The emf of an AC generator is
given by the following equation, for voltage:

where V represents magnitude of alternating current or voltage corresponding to time ¢,
V, represents maximum value of voltage and o is the angular frequency of alternating
voltage as shown in Fig 17.1.We can write Eq.17.1 for current as:

I=1 sin ot
R E — —.—
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where / is instantaneous value of alternating current at time t, [, is its maximum or peak
value wis its angular frequency.

A periodically varying current or voltage is termed as alternating if every

cycle corresponds to one time period (T) with two exactly symmetrical half
cycles having one halfis positive and remaining half is negative.

ichamerﬁ7 Alternating Current F

In case of current, the direction of current reverses {omplate ook
after every half-cycle and in case of voltages, the = [* peak value
polarity of potential difference reverses after every '

A4

half cycle. The second condition to be an alternating -21
one is that amplitude or the peak value of currentor 1 + ;me
voltage i.e., the maximum value on both positive and 4 STT

negative sides remains constant in all cycles but ,,
changes occur most rapidly at the zero (crossover)
points and most slowly at its peak (Fig. 17.1).

Some important terms related to alternating',Fig.47.1: Waveform of alternating voltage
quantities are:

Waveform: The path traced by an alternating quantity, such as the voltage in Fig.17.1
plotted as a function of some variable such as time.

Cycle: One complete set of positive and negative values of an alternating quantity is
called a cycle. Figure 17.1 showS @né cycle of an alternating voltage.
Time period (7): Thetime taken to complete one cycle Do you know?
of an alterpating quantity is called its time period and is Why is AC better than DC?
measured in seconds. AC is easy to be transferred
Frequency (f)&he namber of cycles that occur in one  ©Ver longer distances even
. - .\ . : between two cities without
second is called'its frequency. The unit of frequency is

much energy loss. DC cannot
hertz (Hz);where 1 Hz =1 cycle persecondand f=1/T. be transferred over a very long

Avefageor Mean Value of AC Waveform Cisrinios. LS 6o BIGAAC kel

‘The Average Value of an AC waveform is the arithmetic mean of
» allinstantaneous values over a specific portion of the cycle.

If we calculate the average of a

Time period

Voltage (V)

- Time (t)
2x ot

(Fig. 17.2). This happens because / \‘Vw,zg_ﬁs? v
0-
out perfectly. That is not very

A v

complete sine wave over a full V. /- \ = PEETIT
¢ verage value =—-V, = B37 V,

the positive half-cycle and the

negative half-cycle are mirror

useful. So, when we talk about the -V

average value of an AC waveform,

cycle (0 to 2n), the result is zero bk T .
images of each other. They cancel
we usually mean the average over  Fig.17.2: Average value of alternating voltage
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one half-cycle (Oton).

The average value is used in situations involving rectification. When an AC signal
passes through a rectifier (such as in a power supply), the output is a pulsating DC
signal. The average of this pulsating DC is what matters for many applications. For a full-
wave rectified sine wave, the average values of current and voltage are given by

l,=0.637/, and V,.=0.637V,

where /,, and V,, represent average value of alternating current and  alternating
voltage respectively whereas /,and V, represents maximum or peak values of
alternating currentand voltage respectively (Fig.17.3).

Instantaneous Value: The value

of an AC quantity at any instant of v | Positive pdR
time is known as instantaneous o v, 3 *Z )
value. The value of instantaneous "™ vz | /7 N\« o L7 N\ Vo=t
voltage is given as: V2
V =V, sin(of) \
As ® = _g_:‘l -V,
T
therefore, V =V, sin 2 4 | Negative peak
= il
SAISO ,"; - Vi’ ofi %9,17,3: Graphically showing the rms value, average
g =V, sin (24 or mean value, peak value, and p-p value of alternating
The value of instantarieotis currentis: ~ duantities-voltage.
I =4/, sin (wt)

or R o\ ) P P 17.2) [ Eainieaser

Peak orpMaxifmum Value: It is the highest ﬂ::erfgawzt,?Etem i s i
valuethat an"AC waveform reaches during one pets R —
cydle, It is the topmost point on the positive half- - o use a nof-conlact voitage detector,

A D ihe b 3 h 2 known as a pen tester or a multi-meter with
cycle or't e. ottommost point Or_-' t e negative AC voltage setting. Non-contact detectors
half-Cycle (Figs.17.1 and 17.2). Itis written by V, il sense the electromagnetic field
and /, for voltage and current respectively. generated by the current and indicate its
Peak to Peak Value: This is the total distance Ppresence with a light or sound. A multi-
from the positive peak to the negative peak ofthe Meter can provide a more precise
waveform. For a symmetrical sine wave: measurement by directly detecting the

’ ’ voltage.
vV, =2xV,

The p-p value of the voltage waveform shown in Fig.17.2is 2 V..

Root-mean-square (rms) or Effective Value of Current and Voltage:
Root-mean- square (rms) values of current, or voltage, are a useful way of comparing
alternating current, or voltage, to its equivalent direct current, or voltage. The rms values

represent the direct current, or voltage, values that will produce the same heating effect,
F_______________________________________________________________________________%
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or power dissipation as the alternating current or voltage. The rms value of an

alternating current is defined as:

The value of a constant current that produces the same power in a resistor as the

alternating current.
=k =
b= 7 or A T T e (17.3)

The rms value of an alternating voltage is defined as:
The value of a constant voltage that produces the
same power in a resistor as the alternating voltage.

Vn-ns = \f‘g or vmz 0.707 va """"""" (1 ?4)

where [, =Peak or maximum current
V,=Peak or maximum voltage

So, rms current, /.. is equal to 0.707 /,, which is
about 70% of the peak current /,.

“ Point to ponder! | |

___J

Why do high voltage power lines
crackle and hiss? ||
The hissing sound often h d
high voltage power I|n
caused by corona chﬁge an
electrical phenomienon whefe the air
surrounding the Genduttor becomes
ionized d 2, fo a strong electric field.
This ioni cﬁeates a discharge
that can pfoduce a visible glow, radio
e, and audible hissing or
%ckﬁhg sounds, particularly when
the woltage exceeds the breakdown
strength of the air.

@ Example 17.1)) The steady ¢, c\Y

direct current, or voltage that 2
delivers the same average ﬁ :
power in a resistor as the
alternating current, or o = o

Using the graph as shc he 5 Time (s)
figure and the egua or 1o
alternating current, calculate 45
the value of the current atatime 20
0.67 s. _ 005 010 015 020 025 030
@soniiian)y

that for AC circuits;

I=lsin(of) and ©= 2%

o it Do you know?

The time period T is the time taken for one full cycle, How can you tell if a current is

and peak current /, from the graph are: alternating?
= - Step 1: Determine the direction of
7=0.10s and [=17A the electric current.

Using thezequation 1=1sin (wt) Step 2: Determine whether the
— £n — F aia 200 current's direction changes or

As o T therefore, /=1 sin Tt Shiis tie Barie.
. 2% 314x 0.67s Step 3: If the current periodically
=17A xsin reverses direction, it is alternating
0.1s current. If the current flows in a

| = 17A xsin42°

I = 17A x(0.917)=15.58 A
A EEE——————EEEEEEEEEEESSSESSSSS

single direction, itis direct current.
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47.2 RELATION BETWEEN MEAN POWER AND MAXIMUM
' ~ POWERFORANALTERNATING CURRENT

An alternating current is a current that periodically reverses direction, causing the
voltage and current to fluctuate sinusoidally. A resistive load is one that does not store
energy (like a capacitor or inductor) and simply dissipates energy as heat.

The instantaneous power P in a circuit is the power at any given moment in‘time &

o (17.5) ~\ *

where Vis the instantaneous voltage and lis  peak

p

the instantaneous current. The maximum or “a"“9\1“,*‘F Maximiim power
peak P, occurs when the current and Peak” /Y 7\

. voltage ' ¥ X
voltage are at their peak values, [, and V, Ty /e V) \
respectively. Also the mean power P, .. is 2 QLN \ 4| \ Mo fower
the average power over one complete cycle % X o \ /
of the AC waveform as shownin Fig.17.4. ; —

For a sinusoidal AC, let /, be the maximum or. -

peak value of the current while voltage V{is 'Fig.17.4: Mean power is exactly half the
the maximum or peak value of the voltage, IaxImum Foves

then the maximum or peak power P,_is given by

P. = IR (1}@-\\

Also we have expression for the- mean power
P....represented by Iqmteresting Informationn

Proan = 1ZasR\:--6--(17.7)

As "a_ =\/2_ e s0, using Eq. 17.6 becomes:

Pmaﬁ-; j— ('\/E“:"ms)2 R= 2":nsR

FlemEq. 17.7 ;IR2 = P, , thus
Pmax = 2Pmean
p Digital Clamp Meter For Measuring
or Pou— ;a" ceeneee (17.8) AC and DC

Therefore, it can be concluded that the mean power in a resistive load is half the
maximum power for a sinusoidal alternating current or voltage because the
instantaneous power in an AC circuit varies over time. While the instantaneous power
reaches at maximum value at certain points in the cycle, it spends significant time at
zero or lower values, resulting in an average power that is half the peak value.
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{ Example 17.20|  An alternating voltage supplied across a resistor of 50 Q has a voltage
of 220 V. Calculate the mean power in kilo watt of the system.

[@Solution) R=50Q and V=220V BT Fascinating Fact DI
2
We know that; P = Vﬁ
2
Putting the values P = =0 - 968 W
50Q
As the mean power is half of the maximum (peak) power,
P - Bl _ 968 W .' &’ "'.
- < Scientists have converted human

=484 W or 0.484 kW  bldodsugarintoelectricity

17.3 PHASEOFA.C.

The angle 6 which specifies the instantaneous value of the altérnating voltage or current
is called the phase. The instantaneous values of voltage and current are given by

V = V,sinot
or V = V, sind o
I = [ sinot < —
or [ = [ sinG 4 : . . :
The angle which gives the value of 0 % t 3_r .
alternating quantity.is knownas phase. 2
The phase of peintsA, B, C,DandE are 0, Yo o

n/2, n, 3n/2@nd 2r respectively as shown
in Fig.17.6(a),Thus each point of A.C cycle
corresponds to a phase.

Phase Lag and Phase Lead
Referring to the Figs.17.5 (b) and 17.5(c), at t =0, the angle 8 is also 0°, the value of the

phase angle 8 at t equals to zero is called the initial phase of AC quantity. Thus,
according to equations:

V=V sin@ and I=1sinB.......... (17.9)

which correspond to Figs.17.5(b) and 17.5(c) respectively, the initial phase of both
voltage V and current /is zero. There are situations when current / and voltage V are not
in phase i.e; they differ in phase. For example, the initial phase of current / may be
positive or negative as compared to the initial phase of voltage V, which is zero. Consider
a situation in which the initial phase of voltage Vis zero and initial phase of current / is ¢
as shownin Fig.17.5 (b). This situation can be represented by the following equations:

V=V sind and [=1sin(0 + ¢)

Fig.17.5: (2) AC cycle corresponds to a phase.

4

lo SinB
Y

b

Fig.17.5: (b) Gr
current leads vol
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Att=0; voltage V=0, but the current is positive and / =/, sin ¢. It means that the current
had its zero value earlier by an angle ¢ than voltage. Thus, we can say that the currentis
leading the voltage by an angle ¢ in this situation (Fig. 17.5-b). The angle ¢ is the phase
difference between the voltage and the current.

Similarly, the initial phase of current / is negative as compared to the initial phase of
voltage V, which is zero as shown in Fig.17.5(c). This situation can be represented bythe
following equations:

V=V, sin0 and I=1sin(0- &)

It means the value of Vis zero, but the current | has some negative value (/ — sin ¢). It
means that the current / will reach its zero value later on by an angle ¢ than the voltage V.
Thus, we can say that current /is lagging behind the voltage V by.an angle. The angle ¢
is called the phase diffference between Vand /.

Positive phase(+4) a0 e oh ~4)
egative phase(-

) .z/ : I =1, sin(0—$)

Fig.17.5: (b) Graphical tation showing Fig.17.5(c): Graphical representation showing
current lead the voltage. currentlags behinds voltage.

Vector Representation of an Alternating Quantity

An alternating quantity can be represented by a anticlockwise rotating vector if it
satisfies the conditions: (i) Its length on a certain scale represents the peak value or rms
value of alternating quantity. (ii) It is in horizontal position at the instant. When the
alternating quantity is zero and is increasing positively (iii) The angular frequency of the
rotating vector is same as the angular frequency of alternating quantity. Fig.17.5 (d)

I =1 sin(B+b)

M ¥
N
v
@
[=)]
2
N S
7z = Time
2
90° 5.
o Current i
Fig.17.5 (d): Graphical representation Fig. 17.5 (e): Vector diagram Ol & OV

showing voltage Vleads current / by /2 showing Vleads / by 90° or n/2 rad
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shows an alternating voltage waveform leading the current wave form by 90° orn/ 2 rad.
In Fig.17.5(e), vector Ol represents peak or rms value of current which is taken as
reference quantity. Similarly, OV represents peak or rms value of alternating voltage,
which is leading the current by n/2 rad or 90°. Both vectors are rotating in anitclockwise
direction with angular frequency.

17.4 ACCIRCUITS

The basic circuit element in a DC circuit is a resistor R which controls the current or
voltage and the relation between them is given by Ohm's law (V = IR). But the basic
circuit elements in AC circuit are resistor R, inductor L and capacitor C.These elements
control the current and voltage through the circuit. The AC circuits: with these
components are discussed below;

17.5 ACTHROUGHARESISTOR

ichamerﬁ7 Alternating Current

Aresistor R connected with an AC source is shown in AAAA R;\ AAAA
Fig.17.6 (a). The instantaneous voltage Vis given as:
VEVSinot oo 1718 N N\
The instantaneous current / through the circuit is: /v\
v O
==
R ‘ Fig.17.6(a): Showing a resistor R
V, sin wt connected with an AC source
U H i ) " = o
sing Eq.17.10; [ Al
TRV, 0, 1741 T,
where [, = —E— is the peak or maximum value = 3n .
£ S 55
of current. of—F— >

I ; Time
|
It follows' from Egs.(17.10) and (17.11) that the v
instantaneous values of both voltage and current are

sine functions which vary with time. Figure 17.6(b)

shows that both voltage and current pass their
minimum and maximum values at the same time and
thus their instantaneous values are said to be in
phase with each other.

Also Fig.17.6(c) shows V. and I, vectors for
resistance. V and / are drawn parallel because there
is no phase difference between them. The opposition
to AC which the circuit presents is the resistance
given by

R=—
/

Fig. 17.6(b): Graphical representation
for purely resistive circuit showing V
and /in phase.

Ve

v

I

.
>

Fig.17.6(c): V, and I, vectors
representation for resistance.

The power dissipation is proportional to the square of the current and makes no
S ———————
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difference whether the current is direct or alternating i.e., whether the sign associated
with the current is positive or negative. However, the power dissipation produced by AC
having maximum value /, is not the same as that produced by a direct current of
maximum value [, because the alternating current is at this maximum value only for an
instant during each half-cycle. Instantaneous power P dissipated across a resistorin AC
circuitis:

u For your information

2
P=Vior P=I’R or P=% ............... (17.12) 12 VA.C DOORBELL,
and average power<P>= <PR>
2
As <IP>=lo =2, so
2

2
Average power<P> = %—R =2 R
Also, it can be proved that;

Average power<pP> =1[_V

ms " rms

Itis to be noted that here P is measured in watts'V in
volts, /in amperes and R in ohms respegtively, and the Low-voltage AC is safer to

\ handle and reduces the
iliqb:]L 2;.;2 ) for power holds good only when V and / are risk of electrical shock.

l{ Example 17.3)] A 1K irbe!ement is connected to a 250 V AC supply voltage.
Calculate the amount o@ taken from the supply and the resistance of the element
whenitis hot. .

{sotutionli e, Power P=1kW=1000W and

250 V
R=——=625Q
4 A

Also V = | R which suggests that, R = %

250 V
4A

R=625Q

R:
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17.6  ACTHROUGHINDUCTOR

An inductor, also called a coil, or choke is a passive two terminal electrical component
having a large value of self -inductance and negligible resistance that stores energy in a
magnetic field when electric current flows through it. The inductor is used to slow down
current surges or spikes by temporarily storing energy in an electromagnetic field and

then releasing it back into the circuit.

Suppose an inductor of inductance L is connected
with an AC source of frequency fwith a negligible
resistance as shown in Fig.17.7 (a). Suppose the
currentis:

R m— (17.13)

If L is the inductance of the coil, then changing
current sets up a back emfin the coil of magnitude:
Al

V=L
At

I = [ sin{w+f)

v@ )1

- 3&17; (a): Inductor L is connected
. with an AC source.

To maintain a constant current, the appliedvoltage.must be equal to the back emf. The
magnitude of applied voltage across the coilmust have value given by

As I = I, sinwt, so
A g
V =L— (I sinwt
2 (1, sfh)
3
4 =LIQ% T (7.14)
\
As % sin(wf) = o cos(w t) , therefore,
V = oLl cos(wt)
As oLl, = V, so
V =V, cos(of)
As cosmt

= sin (ot+ 2, s0
2

V=V, sin(mr+g) ..... (17.15)

It is seen from Eq.17.15, the voltage across the
inductor L is leading the current, or in other words,
current is lagging behind the voltage in AC circuit
containing an inductor as shown graphically in
Figs.17.7(b) and 17.7 (c). The current in an
inductor always lags behind the voltage by 90° or

Iq For your information B I

Al/At is rate of change of current
with time. This also represents
slope of /-t curve.

= Inductor
=4/ vottage
+V, Inductor
current
+, | /z 3
2 o
T \|R>Z/IT

Fig.17.7(b): Graphically showing
voltage is leading currentin an inductor

v

Time

_.u'D
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n/2 rad. The resistance offered by an inductor is

called inductive reactance denoted by X, and is
givenas (/_—\

X, = T’m ........... (17.16)

rms

where V,_ is the rms value of alternating voltage in the
inductorand /__is the rms current passing throughiit.

As V. = 0707V and [, _=0.7071, so

_ 0707V, _V,
07071, I,
AsV,= oll,
S0 5o oLl
fc
Hence X = olL=2afL ............. (17.47)

It shows that inductive reactance X, is directly.preportional to both, frequency of current
and the inductance L of the inductor. In gase of DC, =0, so X_ =0, while in case of large
AC frequency, X| is also large. Thus, we conclude that an inductor allows DC but blocks
the AC. The unit of X__is ochm.

Power dissipation inan inductor

The average power dissipated in‘a pure inductor is zero. This is because the inductor
does not consume power in the traditional sense, as it stores energy in the magnetic
field and returns it to the source during demagnetisation. The instantaneous power in
the inductive circuitis zero and the average power dissipated per cycle is also zero. This
behaviour is'due to the phase difference between the voltage and current in an AC
circuit,whichis 90°. Therefore, the average power dissipated in a pure inductor is zero.
Since inductor does not consume energy, itis used for controlling AC without consuming
energy.

( Example 17.40] A 400 mH coil of negligible resistance is connected to an AC circuit in
which a current having its rms value of 6 mA is flowing. Find out the value of rmsvoltage

across the coil ifits frequency is 1 kHz. € For your information D
@ Solution | Types of chokes
Inductance of the coil L=400mH =400 10°H Fiter choke  High requency Choke

and 1. =6mA=6x10°A Q E
Frequency f =1kHz=1000Hz :

Voltage across coil V.= ! j}
We know that; V.. .=1.X '

As XL =2aflL therefore, fndio frequency Choke A.C controlling Choke
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So Vi = lns (20FL)
V,..=6x107A(2x3.14 x 1000 Hz x 400 x 10°H) =15V
17.7 CHOKE

It is a coil of thick copper wire wound closely in a
large number of turns over a soft iron laminated core.

Achoke is often modeled as a series RL-circuit, consisting
of a resistor R, having very small value of resistance, in
series with an inductor L, of quite large inductance X, = 2nf
L, as shown in Fig.17.7(e).The inductance L of the choke
coil is also very high due to the high permeability of iron »
core on which choke coil is wound. As the resistance R of
achoke colil is negligibly small, therefore, the power factor
(cosB) of the choke coil is almost zero. Thus, the phase
difference 8 between the current and voltage for @ choke
coil is nearly equal to 90°. So practically,\no,power is
dissipated as heat by a choke coil. Also choke,is'used to Fig. 17.7(e): A choke
block high frequency AC while allowing.DC and low
frequency AC to pass. Choke colls are used to filter out
high frequency AC noise from eléetronic cCircuits, ensuring MR RS SIS
a cleaner DC output. They. are\essential in switch-mode Why capacitor and inductor
power supplies, helping te regulate voltage and filter out behaves differently for AC and

g ; DC?
switching noise.
) . ; For DC supply, when f= 0, then
Choke coils prevent unwanted RF signals from leaking x = 2xfL = 0, thus, inductor acts

out of circuits, protecting other sensitive components. asconductorforDC

Chokes in.fluoreseent lights generate transient voltages ForAC supply whenf=0
across'the tube, making it conducive to the breakdown ThenX.=1/2afC=1/0=x
voltage of the gas inside. Choke coils can limit the rate of Thus, capacitor blocks DC but
éurrent changes in circuits, preventing damage to allowsACtopassthroughit.
insulation from sudden surges.

178 ACTHROUGHACAPACITOR

A capacitor does not allow direct current to pass through it
because of the presence of an insulating medium
between its plates. But alternating current can pass
through a capacitor. In electric circuits, a capacitor is a
reactive component. Unlike a resistor, a capacitor behaves 14

differently in AC and DC circuits. It is because a capacitor @

can store energy in the form of electric field, whereas a g.17.8(a):

resistor cannot store electrical energy in any form. G
Consider an alternating voltage source V is applied to @ it acvoltage source
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capacitor of capacitance C as shownin Fig.17.8 (a).

When an alternating voltage is applied across the plates of a capacitor, it is charged in
one direction and then in the other as the voltage reverses. The result is that electrons
move to and fro around the circuit, connecting the plates, thus, constituting alternating
current. The basic relationship between charge g y
and the voltage V across the plates: g =CV, B
holds good at every instant. Let V be the applied
alternating voltage given by

V = V.SiNot oo (17.18)

The change on the capacitor at any instant is give by

q =CV=_C\Vsinw
8 &
At At
A
I =CV, — (sinwt)
At

: ;;hical representation
voltage for capacitor.

Thus / (CV, sinwt) g

a Tesla was born in 1856 in Austria-
gary and emigrated to the U.S.A. in 1884 as
ﬁphysicist. He pioneered the generation,
ransmission, and use of alternating current
which can be transmitted over much greater
distances than direct current.

As %sinmtzmcosm , thus
I =CV, o cosot

Ascos(wt) = sin(mt + E), SO

4
A

I=0CV, sin'-'(m’t + %] @

|= &0CV, sin(mt + %J v,
Here . C Vo= 1, ,thus
g . Tt
@ I=1,sin [mf & E] ------------ (17.19) Fig. 17.8©: Vector representation of
current and voltage for a capacitor.

Equations 17.18 and 17.19 show that inductor current / leads the voltage by 90° or n/2
rad or voltage lags behind the current / by 90° or /2 rad as shown in Figs.17.8(b) and
S7.8(c).

Resistance offered by capacitor is known as capacitive reactance denoted by Xc and is
given by

ms

where V__is the rms value of alternating voltage in the inductor and /__ is the rms current
passes throughit.

As V. = 0707V, and I__=0.707, so

ms
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X - 0.707V, :ﬁ
g 0.7071, I,
As l,= oCV,
1 1
Hence e=——= where © = 2nf
oC 2afC
The unit of capacitive reactance Xc is ohm and is given as:
.
° oC 2nfC

Which shows that for low frequencies, capacitor will have a large reactance X, and
current /will be small whereas at high frequencies reactance Xgwill be small and current
| through the same capacitor will be large.

17.9  IMPENDANCE AN

In AC circuits, the opposition to current flow is called. impedance denoted by Z, which
includes both resistance R and reactance . X.‘The resistance R is the opposition to
current flow due to resistors. Reactance is the opposition to current flow due to

capacitors (capacitive reactance X;) and.inductors (inductive reactance X,). A pure
resistive circuit has only resistance.R and no reactance.

The combined effect &ressistance and reactances in

such circuits isknownas impedance.
Itis the ratio of the rms value of the voltage to the rms value of the current. Thus,
) 3
millitee (17.20)

This Sl unit of impedance is ohm.

( Ef‘_ﬂf?';ﬁ 12.5)] An AC circuit operates by a peak voltage of 200 V and 10 A as peak
i(@z{{?&iyent. Find the impedance of the circuit.

(@solution)

Peak voltage V.=200V, Peakcurrent/,=10A
Weknowthat; V.=V, x0.707 =200V x0.707 =141.4 V
and l..=1,%0.707=10A%x0.707 =7.07A

As impedance Z = Tﬂ , therefore,

ms

Z:1-‘-11.4V .

20Q
7.07A .
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1710 AC THROUGH RC-SERIES CIRCUIT

Consider a network of resistance R and a capacitor C connected in series by an
alternating voltage source Vas shownin Fig.17.9 (a). As Rand C are in series, so same
current would flow through each of them. The potential difference V across the
resistance R would be /. R and it would be in phase with the current. The vector
diagram of the voltage and current is shown in Fig.17.9 (b).Taking the current as
reference, potential difference V;=/_. R across the resistance is represented by a line
along the current line because potential drop /. Ris in phase with current /The potential

difference across the capacitor will be: V.= i
e i
V=] X =lms R ¢
C ms c mC nﬁﬁﬂﬂﬁﬁ"ﬁ ||

As this, voltage lags behinds the current by n/ 2 rad £ ¢ J St V.—>
or 90°, so the line representing the vector /__ X is h,
drawn atright angles to the currentline Fig.17.9 (b). v
The applied voltage V., .that will send the current /in @

the circuit is obtained by resultant of the vectors
[ Fig. 17.9(a)
Ims R and ™ je;

(€3]
Voo = (Ve P )"

o
2
I
_
Lgﬂ-‘
Py}
b ]
+
b
2 a""
O
g

Fig. 17.9(b)

2
Impedance Z=%= R2+[ J...............(1?.21)

ms

Equation 17.21 suggests that we can find the impedance of a series AC circuit by vector
addition. The resistance R is represented by a horizontal line in the direction of current
which is taken as reference. The reactance X, = 1/ Cis shown by a line lagging the
R-Qline by 90°as shown in Fig.17.9(c) .The impedance Z of the circuit is obtained by the
vector summation of resistance and reactance. Figure 17.9(c) is known as impedance
diagram of the circuit. The angle which the line representing the impedance Z makes
with R line gives the phase difference between the voltage and current /in Fig. 17.9(c),
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the current is leading the voltage applied by the angle
Oasshownin Fig.17.9(d) and is given by

0 =tan % =tan‘1[L]=tan“[ ! ]
R oCR 2nfC

The power consumed in RC-series circuit is

primarily due to the resistor, as the capacitor only  Fig. 17.9(c): Impedance diagrarf of'

stores energy and does not dissipate it. The power ~ RC series circuit.

consumed by the resistor can be calculated by 11,
8%

using the formula

: s %
P=I'R 0=0° _ 360°
or P=Vlcosh.............. (17.22) 0 —>' : _t;
£ ({1}

where | is the current, R is the resistance, Vis the v

voltage, and 0 is the phase angle between voltage T T
and current. Xvefgrm in RC-series circuit.

is connected in series with capacitor of
‘has frequency 50 Hz. Calculate the

({ Example 17.6)) A resistor of resistance 5
capacitance 5 F across the AC source of 22
phase angle.

i_!__Solu tion il

and

0= tan“( 1 )
2x3.14 x 50 Hz x 0.000005 Fx5000 W
0 = tan"'(0.1273) =7.25°

17.11  AC THROUGH RL-SERIES CIRCUIT

Consider an AC circuit containing a resistor R and inductor L connected in series with an
AC source Vas shownin Fig.17.10(a). As Rand L are in series, therefore, same current /
flows through both Rand L.

I=1,sin0
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A

R L

>— AN Iv

Vi, v, —> > |
4 Y/ 0=0° 360°
i . <—u—)\_>L/ — s
Q [ g
A 4

A
Ao

Fig.17.10 (a): RL series circuit connected Fig. 17.10 (b): Voltage d Current
with A.C. supply waveform in of RL series ci
Let rms value of current through R is /. Then rms value B P
of voltage V;; across Rwill be:
V.=l R
V will be in phase with the current / in the circuit, as R is _ ,}“
shown vectorially by line OA in Fig.17.10(c). The value % 3z i
of rms voltage V, across L will be: K.
VL:J’.”‘*XL o M E Sl
Voltage V across L is ahead of current / through L by v A

90° as shown in Fig.17.10 (b) and vectorially by line OB  Fig. 17.10 (c): Vector diagram of V,,
in Fig.17.10(c).The resultant #oltage V will be the andV.inof RL series circuit.
vector sum of V;, and V, shown,vectorially by line OP,

.‘ For your information F-

thusinFig.17.10(c):

Ve =@WV2 + W

Vo AV R2) + (1 X2)
As XL =l ,so

V :"rms R2+(U)L)2

rms

%ﬁnce. z Vo [t (@l ... (17.23)
(. Electric Eels create powerful shocks by

ol its 3 main organs consisting of 80% of
Angle G:tan”(—J Eels body length through specialized
R cells called electrolytes.

The angle 0 which Z makes with R line, gives the phase difference between the applied
voltage and current.
Power dissipation in RL-Series circuit

Power consumed in RL- series circuit is primarily due to the resistor, as the inductor
stores energy but ideally does not dissipate it. The power consumed by the resistor is
given by the formula:

P=I?R=Vlcosb
F_______________________________________________________________________________%
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where /,R and Vrepresents current, resistance, and voltage respectively whereas 06is
the phase angle between voltage and current. The factor cos 8 is known as power factor.
Itis to be noted that when we convert DC power P,., into AC power P, we have to take an
account of a quantity known as inverter efficiency. It usually may be 85 % to 90%. So, we
can find AC power from DC power by using the following conversion as:

P,.= (Inverter efficiency) x P,,

N

)
A

5 i : Q& How much AC power will be received
The electricity consumption of a 1.54on A.C is from a DC solar panel rating 575 DC watt-
approximately 1.2 to 1.5 units per hour. 75% inverting efficiency?

17.12 NAVIGATING AC THROUGH
RLC-SERIES CIRCUIT

Consider a RLC=series circuit having an
alternating voltage source with variable frequency
as shown in.Fig.17.11(a).The impedance diagram
of RLC-series circuit is shown in Fig.17.11(b) in
which.inductive reactance X = w L and capacitive
reactance X.= 1 /o C are directed opposite to each
other.

Fig. 17.11(a): RLC-series circuit with its

The impedance of the RLC-series circuitis: AC source phasor diagram
Z =R+ (X = XT oeerrrrrrrrr (17.24) C
2
or Z—JR2+(mL——] ................... (17.25) Z Lok
()]

When frequency is high, then X = oL is much greater A
than X, = 1/a C, and hence the inductance X A
dominates at high frequency, so RLC-series circuit  gig 17.11 (b): The impedance vector
behaves as RL-series circuit. diagram of RLC-series circuit
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When frequency is low, then  X.= 1/ oC is much
greater than X = o L, and hence the capacitance X
dominates at low frequency, hence RLC series circuit

OFF
Live wire

Running winding
(stator)

behaves as RC series circuit as shownin Fig.17.11(b). on 0000

Switch acitor
In between these frequencies, there will be a ‘m "
frequency o at which X = X. At this condition, RLC- (= O
series circuit behaves as pure resistive R-circuit as §m,ﬁﬂgwm;§“
shown in Fig.17.11(c). ool fsizigd N
This condition is called resonance. Thus, at e th;sedin
resonance, the inductive reactance X, being equal the ceilingfan? ? , '
and opposite to capacitive reactance X, cancel each
other. The value of resonance frequency f can be R >

obtained by applying the condition:

}Wector diagram of RLC-

X, =X, ; - :
( t showing that it behaves as
il pure resistive R-circuit.at X, =X,
" oC
A
(DZr = .l
LC ry
w, = ﬁ As o, =2T5fr , 80 >
2nf :,L
o, v =
f = 1 9‘ _______ (17.26) Fig.17.11 (d): Phasor diagram of RLC-series
! & circuitresonance frequency at X, = X,

Key Properties of RLC Series Circuit

In essence, the series RLC-circuit is a versatile circuit element that can be designed to
exhibit ‘specific behaviour at different frequencies, making it important in various
electronic applications.

1. Impedance and Resonance: At resonance impedance, is minimum (Z = R) and
atresonance, the resonant frequency can be calculated by using the formula:
1
f =

2n~/LC

2. Current: At resonance, the current in the circuit reaches its maximum value due to
the minimum impedance (Fig. 17.11-d).

3. Phase Angle: At resonance, the phase angle is zero, indicating that the voltage
and current are in phase and have power factor equalto 1.

4. Damping: The resistor in the circuit introduces damping, which affects the
oscillations of the current. Ahigher resistance leads to more damping, causing the
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oscillations to decay faster. The forced but damped
motion of the wheel on the car spring is analogous
to an RLC-series AC circuit. The shock absorber
damps the motion and dissipates energy,
analogous to the resistance in an RLC-series
circuit. The mass and spring determine the
resonant frequency as shownin Fig.17.11(e).

5. Tuning and Filtering: RLC-series circuits, o o i o

especially at resonance, are widely used for tuning

in radio receivers and other communication FLQ-‘IE-ﬁd(t*): O%t_a c?tﬁ.,-athd? _shfick
; 5 absorber damps muotionfand dissipates

dewc_es. They can ble used as band-pass filters, energy. This is much fikethe resistance in

allowing signals within a specific frequency range an RLC-cifcuit. The mass and spring

to pass while attenuating others. determie the resenant frequency.

6. Voltage Amplification: At resonance, the voltage, across the inductor and
capacitor can be significantly higher than the applied voltage due to the circulating
current. This phenomenon is known as voltage amplification.

7. Power Dissipation: The power dissipation in RLC-series circuit is given by

P=VIGOSO...0 oo (17.27)

which is known as a true power in RLC-series circuit and it shows that a maximum power
will be dissipated when 8 = 0f which,is only possible in resistor. However, the power
dissipationinimpedance iscalled apparent power and is equal to V/ cosb.

{ Example 17.7)] In a L€R=cireuit, an inductor having inductive voltage 20 V, capacitor
with capacitive voltage11V and a resistance with voltage 12 V are connected in series.
Find phase diffefence bétween resultant voltage and current in the circuit. Also calculate
the V__value ofvoltage of AC source.

(@solutionDNYV, =20V, V,=11Vand V=12V X
We knew that; Phase difference for RLC-series circuit is
given by _

tano (%= Y)

Vr
teng=22 UV 575 M
2V Ve

or 0 =tan"'(0.75) = 36.8

Also we know that;
Vi = (Vo) +(V, -V P
Voo = J(12V)2+ (20V — 11 V)2
Vo =/ 144 V7 +81V?

rms

V.= 225 VZ =15V
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17.13 ACTHROUGH RLC-PARALLEL CIRCUIT

A RLC-parallel circuit is one where the resistor, "
inductor and capacitor are connected in parallel to "2 i
each other with an AC source as shown in Fig.17.12 ) <l

(a). The parallel arrangement affects the overall <
impedance and current distribution in the circuit, i
making it distinct from its series counterpart. Fig 17.12(a): RLC-raciReir N
Key Properties of RLC-Parallel Circuit c;?;},ec'ted withian &%%w%

1. Resonance and impedance: A parallel RLC-circuit resonates atX| s X and the
impedance is at its maximum value in a way that parallel RLC-circuit behaves like a
purely resistive circuit. The impedance of RLC-parallel circuitis given by

Z= . ereee(17.27)

F6% ¢

2. Voltage and Current: In a RLC-parallel,circuit,” ,
the voltage is same across all components, so-for
convenience, the voltage may be takenias a reference |
phasor. At the resonance, currentis minimum but it can

be significantly magnified, while the source current Frequency
remains relatively low. So, it'may be used for current Fe
magpnification. The variation of current with frequency kg 17.12(b): A graph showing
of the source is shown'in Fig.17.12 (b). Atresonance, resonance frequency with its
the branch currents /L and,/C may each be larger than resonance currentl.

the resonance current /.

3. Admittanee: Admittance (Y) is the reciprocal of impedance and is used to analyze
parallel circuits. The total admittance of a parallel RLC-circuit is the sum of the

i indivi 3
admittances of the individual components T~

I

—

L

a
[\ AAAAAA

4. Freguency and Bandwidth: The impedance,
admittance, and currents in a parallel RLC-circuit are S
all frequency-dependent. The bandwidth of a parallel - ¥
RLC-circuit is the range of frequencies over which the
circuit operates effectively. The resonance frequency
of RLC-parallel circuit is:

1

" 2nLC

The parallel RLC-circuit can also be used for tuning

circuits, signal processing, and power systems. RLC- ECTROCARDIO GRAM (ECG)is
R ; L : used for diagnosing heart

parallel circuits are indeed used in induction cooktops  conditions by recording of small

to match the desired heating frequency, specifically, the  electric waves being generated

resonant behaviour of a parallel RLC-circuit is during heartactivity seen by CRO.
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important for the operation of induction
heating, which is the core principle behind
induction cooktops i.e; the RLC-parallel circuit
generates a high frequency current in the caoil,
which induces currents in the metal cookware,
causingitto heatup as shownin Fig. 17.12(c).

,5' Quality Factor (Q): The quality factor Figure 17.12(c): RLC-parallel circuits-a core
is @ measure of the sharpness of the inciple behind induction cookieps.
resonance peak and indicates how much

energy is stored in the circuit compared to the energy dissipated. In“a parallel
RLC-circuit, the Q-factor is inversely proportional to the resistance,

6. Power Factor: The power factor in a parallel RLC-cir¢uit ean‘vary depending
on the frequency and the relative magnitudes of the inductive and capacitive
reactances. Atresonance, the power factor is unity.

17.14 RECTIFICATION

Rectification is the process of converting alternating current into direct current.
Diodes allow current to flow in one direction (ferward bias) but block it in the opposite
direction (reverse bias).Rectification is oftweitypes, half wave rectification and full wave
rectification. Rectification is commaonly.used in electronic devices that require a stable
DC power source, such as_computers and smartphones, as most household and

commercial power is AC: BT zinccaser DI
Diode as a Rectifier Cell phones store AC or DC!

A diode allows lafge cufrent to flow when forward ©!l phone batteries store DC in

R 2 : them, since it is easier to store DC
bfased_. However, the current?hrough areverse biased  thanAC. DC is also safer compared
diode is practieally zero. It is due to this important to AC. The electric grid provides AC
property of theidiode that it can be used for rectification ~ only. Therefore, the AC is converted
i.e., td.convert alternating current into unidirectional © PC using a rectifier before

; charging the cell phones or any
currentor direct current. other portable devices such as

Halt-Wave Rectifier laptops, flashlights, etc.
In a half-wave rectification, an AC signal is converted into pulsating direct current DC by

@
—Q Half wave rectifier :‘3 Conducting
0 ;
S
180°/\ 180° Time
a >
N VAR /g LI T. W I
Qutput A=
signal Cut off
Input signal

Figure 17.13: Working of a half-wave rectifier, showing graphically its input and output wave forms.
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passing one half-cycle of waveform and blocking the other half. In Fig.17.13, alternating

voltage of period T called input voltage is -i For your information | [}
supplied to a diode D which is connected in
series with a load resistance R,. The working of
half-wave rectifier is based on the fact that the
diode allows the current flow only in one
direction. Thus, it converts the AC signal into
DC signal. Figure 17.13 shows the circuit of
half-wave rectification and it is working showing
graphically its input and output wave forms.During

positive half-cycle of the input alternating A circuit board view df half-wave
voltagei.e., during the rectifier with lgs,glﬁere%omponenm

T ALY WAVE RECTIFIcR

interval 0—T/2, the diode D is  20vac
forward bias, so it offers a very
low resistance and current
flows through R_. The flow of
current through R, causes a
potential drop across it which
varies in accordance with the
alternating input (Fig.17.13).

During negative half cycle,.during the
interval T/2—T, the diode becomes
reverse bias and offers.a very high
résistance, so practically no current
flows through R, ‘ande potential drop
across itis almestzero (Fig.17.13).The
same events repeat during the next cycle and so on. The current across R, flows in only
one direction which means itis direct current. However, this current flows in pulses. The
voltage which appears across load resistance R, is known as output voltage.

Fullo-Wave Rectification | A

Rectification during which both halves of
alternating input voltage are converted y
into unidirectional current through a v@

resistance is called full-wave rectification. T
Full-wave rectification is achieved by a D
bridge rectifier in which four individual l
rectifying diodes are connected in a closed 3 J
loop “bridge” configuration to produce the ov
d?Sired _OUtpm' The single secondary Figure 17.15(a): Full-wave bridge rectifier
winding is connected to one side of the  circuit showing 4 diode network with load
diode bridge network and the load to the resistance.

Rectifer Battagy Inverter

)

o

RECTIFIERS ARE USED IN
UPS AT HOMES FOR
BACKUP POWER.

Fig.17.13(a): Acircuit view of a UPS system used
inour homes.

(@]
Load
Pyl
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other side. The four diodes labelled diodes D, to D, are arranged in “series pairs” with
only two diodes conducting current during each half-cycle as shown in Fig.17.15(a)

The Positive Half-cycle: We know that diode conducts Do you know?
only when it is forward bias. During the positive half-cycle 5as of the PN junction diode:
ofthe supply i.e., during the time 0 — T/2, the terminal Aof 1, Rectification

the bridge is positive w.r.t. its other terminal B. Now the 2. Signal clipping
diodes D, and D, become forward biased and conduct in 3. Regulation
series while diodes D, and D, are reverse biased and the 4. Clamping voltage
current flows through the load resistance R as shown in - Signal detection

- 6. Photovoltaie.ce
Fig.17.15 (b) 7. Switching light

ssion

5]
=
A Helf grav@eBridge rectifier
o P
— | Half wave Bridge rectifier T
o -
] i ;
- O Time

o[+ Wmm;

Input waveform

D,&D,—PF

Conducting’

Time

Final

output —9

Time
0 i 2n 3n 4n
Input waveform

Figure 17.15(b) ,Figure 17.1 sv%)? Full-wave bridge rectifier circuit showing its working during its positive
and negative half nd also representing graphically its input and output waveforms.

The Negative“dalf-cycle: During the
negative halfeycle of the supply, during the
time 712 —7T, terminal Ais negative and B is
positive. Now the diodes D,and D, conduct
in series, but diodes D, and D, switch “OFF”
as they are now reverse biased. The
current flowing through the load is the
same direction as before as shown in
Fig.17.15 (c).If we take a comparison of
Figs.17.15(b) and 17.15(c), it can be seen - T

that direction of current flow through the O;'QUQ
load resistance is same in both half of the -
cycle. Thus, both halves of the alternating Figure 17.16(a): Circuit diagram showing

input voltage send a unidirectional current  the use of Full wave Bridge Rectifier in
through load resistance R. The output  mobile charger circuit.

voltage is not smooth but pulsating. It can

Load
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be made smooth using a circuit called filter which
may consist of capacitors. Mobile phone chargers Full wave bridge
typically use full-wave bridge rectifier as part of their
circuitry. The rectifier converts the alternating
current from the wall outlet into direct current, which
is necessary to charge the phone's battery.

Full-Wave Bridge Rectifier with Single i 1 |
Smoothing Capacitor DCout Acin AgifD8out

In AC to DC conversion, smoothing filters are used ~Figure 17.16(b): A Compact Full wave
to reduce the ripple voltage after rectification. BridgeRectifierusédin elSetronics.

When AC is rectified, the output is pulsating DC, which is not suitable formost electronic
devices. Smoothing filters help to produce a more stable DC voltage by filleting the AC
components (ripples). They are of different types. In capacitor filter, a capacitor is
connected in parallel with the load. It charges when therectified voltage increases and
discharges when the voltage decreases, thereby smaothing the output.

+ ~ ~~v —

Smoothing or reservoir capacitors connected in parallel with the load across the output
of the full-wave bridge rectifier circuit, increase the.average DC output level even higher
as the capacitor acts like a storage device as shown in Fig.17.17. The smoothing
capacitor converts the full-wave rippled output of the rectifier into a more smooth DC
output voltage. We can see the,effectit has on the rectified output waveform with
differant valiies of smoonthina'canacitorinstalled

Wafeform
with
capacitor

C charges C discharges

. - Ripple
JE Pd I v I NN\
<L VAR VAR VA
o, ] L vyt
r 4";‘ W = ; v Ve Resultant wafeform \\:!iztarteform
Full wave Bridge rectifier ) capacitor

Fig.17.17: The smoothing capacitor converts the full-wave rippled output of the rectifier into a more
smooth DC output voltage.

The maximum ripple voltage present in a full-wave rectifier -! o B.
bridge circuit is not determined by the value of the
smoothing capacitor but by the frequency and load

Our heart is driven by electric
pulses; the high electric

current, and is calculated as: frequency of AC current can
- e affectthe frequency of the heart
Vn‘pp@e = f C of Vi =7 and can lead to a heart attack.

C e

ripple
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where /.. is the load currentin ampere, fis input frequency and Cis capacitance in farad
(F). Itis to be noted that ripple frequency f, . is twice that of the input frequency,
ie., f

w21
17.16 SELFINDUCTION

Consider a circuit in which a coil is connected in series with a battery, a switch and a
rheostat as shown in Fig.17.18. If we move the rheostat quickly, the primary current
through the coil will change. The magnetic flux through the coil will also change, which
finally induces an emfin the coil itself.

pple

The phenomenon, in which changing currentinduces
an emfinside the coil itself, is called self-induction.

Let ¢ represents flux passing

through one loop of the coil. The oo i MagraTic L QP Primery cument

flux passing through the coil of N . o¥ > e 5,0 o ¥ o o,
turns would be N ¢. As this flux ¢ ' = -

is proportional to the magnetic § - ——

field prgduced which is in turn lnducellP e Coil
proportional to the current |/, current
therefore,

Switch
Ndoc | (

=1]]

Ly e (17.29) \ o Rheostat
where L is proportionality constant
and is called self -inductance of the Fig.17.18: A coil showing production of induced
coil. current and induced emf in itself.

The self-inductance L depends upon the following factors:
1. Numberofturns of the coil.
2. ¢Area ofcross-section of the cail.

3, Core material, by winding the coil around ferromagnetic iron core, the magnetic flux
and hence inductance can be increased significantly relative to that for an air core.

By Faraday's law, the emfinduced in the coil is given by

& =—NA—¢' .......... (17.30)
At
At
Using Eq. (17.28); ¢, :—M
At
Al
el — e 17.31
€ e ( )
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=3,
Al
At
Here L is self-inductance of the coil and minus sign indicates that the induced

emf opposes the applied voltage. In the above expression, If we take ¢ = 1 volt and
AllAt=1As", then L=1henry (H), defined as:

If the emfinduced in the coil is 1 V when the current flowing through it chang at
the rate of 1 As”, the coil has self-induce in a coil of 1 henry (H). r\

The self-inductance of the coil can also be defined as ratio of the gmf towthe rate of
change of current in the same coil. The S| unit of self-inductance Liis Vs A" having
dimensions [ML*T*A?].
By equating Egs.17.30and 17.31, we have
_NA_¢ = LA_"
At At

_nAe -
L=N= (17&0

which gives another form of equation forself-inductance of the coil.

{{ Example 17.8)| A coil has an indU actance of 160 Q at a frequency of 50 Hz.
Calculate self-inductance of the

@setution]  Inducedeattion

We know that; X
or l‘ X /2nf

P L =160Q/(2x3.14x50Hz)=0.509 H

EnergyStoredin an Inductor

Considera coil connected to a battery and Coil .
a switeh in series as shown in Fig.17.19. — '
When the switch is turned ON, voltage is —
applied across the ends of coil and current ==
increases from zero to maximum value. Induced
Due to change of current, an emf is Ll
induced, which is opposite to that of

battery. Work is done by battery to move

or L=

............. (17.32)

X =160Q, Frequency f=59Hz

charges against the induced emf. Switch
; ; Battery
Work don.e b.y Gattery:in. meving asmall Figure 17.19: Circuit designed to calculate
charge Agis given by energy stored in an inductor.

W=AGE wivaimmmrnss (17.34)

where ¢ is the magnitude of self-induced emf and is given by
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£ =Lé{
At
So, putting values in Eq.17.34, we have
W=agL A9 Ap (17.35)
At At
Aq

where F represents average current and is given by

20 (241).1,
At 2 2

And Al =1-0=1

Putting the values in Eq.17.35, we have

W= (L‘JL!: 1!_!2.....(17.36)
2 2

This work is stored as potential energy in the inducter. Hence,

Un = %LF ............... (1'@37)&

Itis to be noted that in an inductor, energy.is stored in the magnetic field and can never
be negative because it is proportional to'square of current. The inductor stores energy
while absorbing power, returns the previous stored energy when delivering power, so
the net energy transfer can neverbe negative. Using the Eq.17.37 expressed in terms of
magnetic field B of solenoid.can be found having:

n =numberofturns per unitlength
A =Areaof cross section of coil
B =Magneticfield strength = p,n/ (Negative field due to sdi8f5aY) Stored in an

B
', =currentin solenoid =
o
L =SelfInductance =p,nAl wherel isthe length of solenoid

Putting the valuesin Eq.17.37 we have

2
U, = 1pon2Af (EJ

2 u,n
2
U,= i (Al)
2,
As Al =volume,so U =pB? i(volume)
Ho
or Un__ 1 g2

volume
AR EEEEEE—E—=:
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The energy stored U, per unit volume inside the solenoid is called energy density, and
foraninductoritis given by

Energy density = B* LI (17 .38)
PATH
17.17 MUTUALINDUCTION N\

Consider two coils close to each other as shown in Fig. (17.20).0ne coil connetted with
a battery through a switch S and a rheostat, is called Primary coil and the other one
connected to the galvanometer is called Secondary coil. If the currentin the primary is
changed by varying the resistance of the rheostat, the magnetic flux in thessurrounding
region changes. Since the secondary coil is in magnetic field of the primary, the
changing flux also links with the secondary. This causes an induced emf in the
secondary.

The phenomenon in which a changing
current in one coil induces an emf in
another coil is called mutual induction.

Galvanometer

According to Faraday's law, the emf Primary Coil
induced in the secondary coil & is
proportional to the rate of change of flux

Ad. /At passing through itandis given by

e, =N, 2% . la7%9)

b,

-3
At -
Swhch Rheostat
where N, is thernumber of turns in the  Eigure (17.20): Circuit diagram to find Mutual
secondary coil: induction between two coils.

Let ¢, represents flux passing through the secondary coil. The net flux passing through
the secondary coil of N_loops is N, ¢.. As this net flux is proportional to the magnetic field
produced by the current [ in the primary and the magnetic field itself is proportional to /,
therefore

Ns¢s oc fp
N,o.=Ml,........... (17.40)

where M is proportionality constant and is called Mutual inductance of the two coils,
given by

The mutual inductance M depends upon the following factors,
1. Number of turns of both the primary and secondary coils.
2. Areaof cross-section of the two coils.
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. Magnetic permeability of medium between the coils.
Nature of material on which two coils are wound.
Distance between two coils.

6. Orientation between the primary and secondary coils.

By Faraday's law, the emf in the secondary coil is given by the rate of change of flux
through the secondary coil ras;

o s W

Which shows that emf induced in the seg@_nda;y_mil is proportional to time rate of
change of current in the primary. The'negative sign indicates the fact that the induced
emf is in such a direction that it a@poz_ses-;;tﬁee-ehange of current in the primary coil. The
magnitude of mutual induction Mis

G ................ (17.42)

Mutual inducti n be deflned as ratio of average emfinduced in the secondary
to the time rate ¢ nge of current in the primary.
The Sl unitef mutual inductance Mis Vs A’ @ Brain teaser _

', whiéh'is.called henry after Joseph Henry.
Orie*henry is the mutual inductance of the PO You have an idea how a pacemaker works?
pair of coils in which the rate of change of
current of one ampere per second in the
primary causes an induced emf of one volt
in the secondary.

Mutual inductance finds many applications
in various devices such as transformers,
electric motors, and generators etc. It also
plays a key role in digital signal processing
and is utilized in devices like pacemakers
and metal detectors.
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|@ Multiple Choice Questions |

Choose the correct answer.
17.1 Name of device thatis used as a part of charging circuit for mobile phone
(a) full-wave bridge rectifier (b) half-wave rectifier

(c)AC generator (d) battery

17.2 A10 pF capacitor is plugged intoa 110 V, ., 60 Hz voltage sourc@an ammeter
in series. Thevalue of /. that passes through the capacitegis:
(a)0.0415A  (b)0.415A (c)415A ( @ﬁa

17.3 In an RC-circuit a 10 kQ resistance is connected i\ sefies to a capacitor of
0.05uF.The applied voltage for charging is 36, time constant to charge

capacitoris;

(a)0.0578ms  (b)0.009 ms 1549 (d)5.49ms

17.4 In apurely inductive or capacitiveé’cird erage power consumed is:
(a) equal to apparent power inimum
(c) maximum d) zero

17.5 Through which of the A@®ircuUiiefements both emfand current are in phase?
(a)resistance (b 0 (c)capacitor  (d)LED

17.6 An inductor with ag ce of 120 Q, a capacitor with a reactance of 150 (2 and a
24 Q resistancg are connected in series across a 220 V source. When the circuitis

atresonan n voltage across the inductoris:
(b)1.1KV (c)1200V (d)11kV

field is doubled in an inductor, then, magnetic energy density becomes:
(b) half (c)4times (d) constant
-time constantis measured in:
(a)ohm (b) henry (c) volts (d) second

17.9 Resonance frequency of RLC-series circuit is £ .If the capacitance is made 4 time
the initial value, then the resonance frequency becomes:
(a) half (b) one third (c) twice (d)fourtimes

17.10 The magnitude of mutual inductance M between two coils when current changes
at20As in one coil induces an emfof 50 mV in the other is:

(a)5mH (b)2.5mH (c)0.0025puH (d)25mH
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q Short Answer Questions E

17.1 What impacts does resistance have on capacitance?

17.2 What happens when anAC line touches a DC line?

17.3 What is the difference between peak to peak and amplitude in case of sine wave?
17.4 Whyare RCcircuits used in timing circuits?

17.5 Whyare choke coils preferred over resistors for limiting current in AC circuits?
17.6 Define rms values of voltage and current with their phasor diagrams.
17.7 Resonance in LRC-circuits has various applications, give any fourof them.

|@ Constructed Response Questions |

17.1 What do you mean by rating of electrical appliances? Explain briefly.

17.2 The energy stored in an inductor is analogous te the.kinetic energy of a moving
mass? Justify.

17.3 What are safety measures to take when working with AC or DC?

17.4 When the frequency is at “off resonanee” in LCR-series circuit, the voltages across
the inductor and capacitor can be si__gniﬁeantly larger than the source voltage?
Justify.

17.5 How does self-induction manifest when a current is switched on or off in a circuit?

17.6 Isit possible to achievesmutualinductance using a combination of four coils? If yes,
justify your answer.

17.7 The currents of the.order of 0.1 A through human body is fatal what causes death;
heating due to currentor something else?

|§ Comprehensive Questions E|

17.1 Explain'the behaviour of a capacitor is an AC circuit. Derive the expression for
capateitive reactance and discuss why current leads the voltage by 90° or /2 rad.

17.2 Explain the behaviour of an inductor is an AC circuit. Derive the expression for
inductive reactance and explain why current lags behind the voltage by 90° or n/2
rad.

17.3 Define RLC-parallel circuit. Also write its key properties.

17.4 Find expression forimpedance in case of RC and RL-series circuits.

17.5 Define full-wave rectification? Draw circuit, input and output signal phasor
diagrams to explain how full-wave rectification is achieved by use of full wave
bridge rectifier.

17.6 State and explain in detail RLC-series circuit?

(@ Numerical Problems  P|

17.1 AC circuit configure by a resistance of 20 Q , capacitor of capacitance 40 uF is




c,,ame,€7 Alternating Current F

connected to an AC supply of 110V having frequency 50 Hz. Calculate:
(a) capacitive reactance. (b) current in the circuits (c) suggest phase between the
voltage and current in a capacitive circuit.
Ans: (a) 79.58 Q) (b) 1.34A (c) Current leads voltage by 90" or n / 2 rad.
17.2 An alternating current / is represented by the equation; /=420 sin (100 =t).Find
(a)thermscurrent (b)the frequency
Ans: (a) 296.94 A (b),f 5Q HZ
17.3 A 50 Hz AC of peak value 1 A flows through primary coil of a transformer, If the
mutual inductance between the primary and secondary be 1.5 H, then find the
mean value of induced voltage. Ans: 3000V
17.4 A 220 V AC source of frequency 2 kHz is connected across a capacitor of 10 pF.
Find out: (a) the reactance X, of capacitor (b) the current in the circuit.
Ans} (79 Q (b)27.63A
17.5 In a coil of inductance 150 mH, a current changesisteadily from 50 mA to 30 mAin
164 ms, find: (a) the magnitude (b) direction of induced emf.
Ans: (a) 18.29 m\{ () samedirection as the original current.
17.6 A choke coil is needed to operate a la’mp_a‘t;‘lEO V... and 50 Hz. The lamp has an
resistance of 5 Q when running at,10.A_.*Calculate the inductance of the choke
coil. Ans:48.4 mH



