ALTERNATING
CURRENT

& Conceptual Linkage

~ ' Major Concepts - (27 PERIODS)

Alternating current (A.C.) This chapter is built on
[nstantaneous, peak and rms values of A.C. Electricity Physics X ICT °
Phase, phase lag and phase lead in A.C. Physics X

A.C. through a resistor
A.C. through a capacitor .
‘A.C. through an inductor
Impedance

RC series circuit

RL series circuit

Power in A.C. circuits
Resonant circuits
Electrocardiography
Principle of metal detectors
Maxwell’s equations and electromagnetic
waves (descriptive treatment)
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After studying this unit, the students will be able to:

o describe the terms time period, frequency, instantaneous peak value and root
mean square value of an alternating current and voltage.

o represent a sinusoidally alternating current or voltage by an equation of the form
X = Xo sin (t.

o describe the phase of A.C. and how phase lags and leads in A.C. Circuits.

o identify inductors as important components of A.C. circuits termed as chokes
(devices which present a high resistance to alternating current).

o explain the flow of A.C. through resistors, capacitors and inductors.

» apply the knowledge to calculate the reactances of capacitors and inductors.

' e describe impedance as vector summation of resistances and reactances.

o - construct phasor diagrams and carry out calculations on circuits including
resistive and reactive components in series.

* solve the problems using the formulae of A.C. Power.




 explainresonance in an A.C. circuit and carry out calculations using the resonant
frequency formulae.

» describe that maximum power is transferred when the impedances of source and
load match to each other. :

e describe the qualitative trcatment of Maxwell’s equations and production of
electromagnetic waves.

 become familiar with electromagnetic spectrum (ranging from radiowaves to (v
rays).

e identify that light is a part of a continuous spectrum of electromagnetic waves
all of which travel in vacuum with same speed.

e describe that the information can be transmitted by radiowaves.

e identify that the microwaves of a certain frequency cause heating when absorbed
by water and cause burns when absorbed by body tissues.

o describe that ultra violet radiation can be produced by special lamps and that
prolonged exposure to the Sun may cause skin cancer from ultra violet radiation.

INTRODUCTION

We have studied in the previous unit that an A. C generator produces a current
or voltage which varies periodically with time and is known as alternating current or
alternating voltage. The alternating current has more advantages over the direct
current. For example, it can be casily transformed into higher or lower voltage, it can
be transmitted over long distances, reliable and can be produced at very low cost. Duc
to these advantages, the A.C. sources are used to power the circuits of our homes,
offices, markets, industries, farms etc. In this unit, we will study the behavior of A.C.
circuit, when a resistor, capacitor or an inductor is connected with the A.C. source.
We will also study the combined effect of resistor, capacitor and inductor when they
are connected cither in scries or parallel with the A.C. source.

On the other hand, we will discuss the generation, transmission and reception
of electromagnetic waves. The electromagnetic waves are composed of fluctuating
electric and magnetic fields. They have different forms which are being used for
different purposes. For example, electromagnetic waves in the form of visible light
enable us to view the world around us, infrared waves warm our environment, radio
waves connect all the countries of the world through communication system in terms
of video and audio signals, x-rays allow us to perceive not only the structures hidden
inside our bodies, but also explore the structure of various elements. Similarly, these

electromagnetic waves help us in the observation and study of solar system, stars,
galaxy and other heavenly bodies.
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We have studied that when 3

rectangular coil is rotated in g Hnifirm A :
magnetic field with a constant angular l /‘\ . /\
velocity “ @, an e.m.f. is induced in the . N

coil. Consequently, there is a flow of

current in the output of the coil. As the \/ v v
rotation of the coil is uniform so, its Time

output current varies Pcn'OdicalIy both in Fig.15.1(2) A wave form of alternating current

positive and negative directions after an |

equal interval of time. This current is

called alternating  current (A.C.). /\ /\ A
Graphically, the wave shape of A.C. is ' .

Current

—

shown in Fig.15.1(a). Mathematically, %

this alternating current can be expressed S

in terms of sinusoidal wave because of the

continuous variation in its magnitude and . L L R

direction with respect to time. That is, & f-l .(!'} ;\_M\:L form of aliémating -._nlt_.iui. s
1= Iu sin ot POINT TO PONDER

But o = 2nf Why 220V of A.C. is more dangerous

i= I sin2nft ......(15.1) Tian 220ViotD Clinee i v

where ‘f is the frequency of the alternating current and it is related with the number
of rotations of the coil. Thus, the frequency of A.C. is defined as the number of wave
cycles of A.C. in one second. The reciprocal of the frequency is termed as the time

period of A.C.. 1e., T == This is a time in which one cycle of A.C. is completed.

Similarly, ‘i’ is the instantaneous value of current of A.C. at any instant of time ‘t’
and ‘1’ is the maximum current of A.C.. I, is also known as either positive or

negative peak value of current. Similarly, the alternating voltage can also be expressed
as,
V=V S0t ... (15.2)

Graphical representation of alternating voltage is shown in Fig.15.1(b).
Exaniple 15,1
An alternating current of frequency 50Hz has peak value of 70A. Calculate the
instantaneous value of current after 0.0015s.
Solition:
f=50Hz
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T DO YOUKNOW. :
_An nscﬂloscope is very. versatlle p:ject: |
_of equipment. whtch is bcmg usTJ 1?-.'
display /A.C. wave. form heartbeats

peak current(Ip) = 70A
t=0.0015s
instantaneous current(i) =?
According to the Eq.15.1

i=1I,sin2nft
i =70A sin2(3.14)(50Hz)(0.0015s)
1 =70 sin (0.471)
1=70(0.00822)
1=0.58A
15.1.1 Root mean square value
One cycle of alternating Vorl

current or voltage consists of half Y\

positive cycle and half negative
cycle. Therefore, the average value
of the current or voltage over one
cycle is zero and it cannot be used
to specify an alternating current or | B
voltage. To overcome this we use a
power, because power is expressed

>

In terms of i and v*. Where the Fig.15.2 Square of the alternating current which varies with |

magnitude of i and v are time from 0 to Io? and its magnitude remains positive for

always positive even for their completecycle. |

negative values. Graphically the square value of square of altcmatmg current is shown
in Fig.15.2. Where i*varies from 0 to l0 and 1ts average value 1s given as;

eits OFL -~ . DO YOUKNOW.:
. * |iThes avcragc value: of ; ‘an altemalmg*
s | currentis zero but its square root of‘ the
<i*>=— i (15.3) average square value is not zero.

This result shows that the average value of A.C. is never zero. Similarly, the
average of square of alternating voltage is given by;

' Jizs :
<yi>= -2—~V° ...... (15.4)

0

In case of A.C. source, average power dissipation in a resistor is given by
Spp=if S R 15.5(a) T TR
Similarly, power dissipation in terms of voltage is




N >
: SPA=

Now in case of D.C. source, the power dissipation is given by;
P TR e 15.6(a)

and . 15.6(b)
R

The value of the direct current that dissipates in the same resistor or produces
heat at the same rate as the mean rate of heat produces by the alternating current is
known as root mean square value of A.C.. It is represented by I, and it can be
calculated by comparing Eq.15.5(a) with Eq.15.6(a)

. PEers
Taking square root on both sides

Irms. = V< i >
Irms. = lluz ﬁ-lg- = |5 1 7 P— (157)
2 2
£ » ; o hoond Vo
_Slmllarly, Vims. = 'EVD = —2 =070V, ..co.. (15.8)

The root mean square value of alternating current and root mean square value
of alternating voltage are also known as effective current and effective voltage.

Example 15.2 _
The instantaneous value of current is represented by the equation
i= 25sin100xt. Compute its frequency, maximum and rms values of current.

Solution:
We have

“1=25sin100mt
According to the Eq.15.1

i=1 sin2nft
By comparing these two equations, we get:
| 2f = 100Hz
f=50Hz
o =25A
Irms =0.7071, -
Tms =(0.707)(25)
Ims =17.7A
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* shown in Fig.15.3(a). Similarly, the

15.1.2 Phase of A.C. _ L
We have studied that there is a continuous periodic variation of A.C. with
time. Therefore, its instantaneous value at time ‘t’ is given by:
- i=Isinwt...... 15.9(a)

i=1 sind......15.9(b)

where ‘0 is the angle which specifies the instantaneous value of alternating current
or voltage and it is known as phase angle or simply phase, and it depends upon time
t. The instantancous value of A.C. with respect to phase angle can further be studied
graphically as well. At time t = 0, i.., X
wt=0=0 then current ‘i’ is also zero. T I

The value of angle 0 at t = 0 is known as
initial phase of A.C. The instantancous
value of current is also zero when angle 0
has value of &, 2n, 3x, 4m,... these are

[
Fael fsassnnsns

Current

instantancous value of current ‘i’ 1S

maximum positive called peak valucs ,I\
T e 0’ ] T St 9n 13m
when phase angle 1§ =y — y=—
P . 2°2'2'2 g
..and the current ‘i’ maximum negative © = : :
| | le *0° | 3n Tn lln - s i\
when phasc anglc . IB e e— s = I
. E 2"2" ¢ -Vt Ahgle ==
15w " (b)
—  These values of current are also  Fig.15.3() A graphical  representation  of
instantancous current with respect 1o phase angle

shown in Fig.15.3(a). The same wave 0" (b) A graphical representation  of
Shapc as for current will be obtained for instantancous voltage with respect to phase angle0

instantancous value of voltage with respect to phase angle ‘0. It is shown in
Fig.15.3(b).

15.1.3 Phase lag and phase
lead

Voltage (v) A

Current (i) iy

We know that when a coil
(armature) of A.C. generator is
rotated in a uniform magnetic
ficld, then we have an induced emf
(valtage) as well as a current in Va '

form of sinusoidal waves because  gig,15.4 Graphical representation of voltage and current
which are in phase.

/2

\P__3p
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both quantities are varying
sinusoidally with the same angular vl

frequency (). Now when both L
quantities reach their minimum

\?

Snt/2\3n

(zero) and maximum values at the 0
same time or the values of their
initial phase are 0° at time, t = (
then voltage and current are said to
be in phase with each other.
Graphically they are shown in Fi g.
15.4.

Sometime, both quantitics
i.e. voltage and current do not Wi
reach  their  minimum  and 1
maximum values simultaneously. :
For example, if at time, t = 0 the

1.4
z _‘J‘ ...
d

(e =90°)

90’

e 41 s

3n2 [2n \&t

90’

Fig.15.5 Current is leading the voltage by an angle ‘¢’

A

Voltage

— — _—r__

Current
I =

2n

value of initial phase of one 0
quantity is 0° whereas, the initial

hase of the other quantity greater
than 0° then this shows that voltage
and current are out of phase. In
case of out of phase there are two
possibilitics. |
L. Let the initial phase of v is 0° but the
initial phase of current i does not 0° and it had
a phase of 0° carlicr then it is called leading of
current. Graphically, the leading of current by
voltage by an angle 90° is shown in Fig.15.5.
I1. Similarly, if the initial phase of voltage
is 0° but current will has its phase of 0° later
then it is called lagging of current. Graphically,
the lagging of current behind voltage by an
angle 90° is shown in Fig.15.6.

The alternating current and voltage that

vary sinusoidally can further be explained by a
phasor diagram. A phasor is a vector which
rotates about the origin with angular frequency

-V

‘e’ (e =90°)

In/2

B

------------------------------------

Fig.15.6 Current is lagging behind the voltage by an angle

V. sin wt

Flg.15,7 Phasor diagram for current and
voltage, -

o. The diagram which contains such rotating vector is called phasor diagram. Let -
alternating current and voltage are represented by two phasors OA and OB as shown
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in Fig.15.7. The length of these V.sin wt

L v
phasors are equal to the peak value ( \1 _wméi v
of current (I,) and voltage (V,) 1 /} ¥ e Ay Fo®
respectively. While, the projection \ wt a2 S
of these phasors onto the vertical 1, sin wt B n\ 42F ©
axis are cqual to instantancous e/ ‘
value of current (I sinwt) and _ ; o
. " Fig.15.8 Phasor diagram for current and voltage which are
voltage (V,sinmt) respectively. inphase.
Current and voltage in terms of
phasor diagram can be studied under three cases. :
a. If voltage and current are in phase then both have same initial phase (6 = wt)
as shown in Fig.15.8. Mathematically, they are expressed as:
i=[sinot ... (15.10)(a)
v=Vsnot ... (15.10)(b)
Ifot=0=0 theni=0 and & v
= T e e Y t.-_..-‘r\ { =
v =0. T\v’.sln wt {-“ Y \?-' 5 “‘:;
. 3 . T G 5 g 5 9 T A
Similarly, if ot=0=— A NGt - L I
2 & : of wt* =m + 2% . @
. 4 1-““ {tut+¢) * "._ .r' F g
theni=Il,and v = V.. : LT W
These results show that v -

Fig.15.9 Phasor diagram for voltage and current where

and i are in phasc. current is leading by voltage by an angle ‘e’ (e = 90°)

b.  If the initial phasc.  of . N
voltage is 0° at time, t =0 but initial phase of current is positive at the same time then
mathematically they are expressed as,

v =V, sinot el 2:11(8)

i = 1_sin(t+¢)..15.11(b)

At time t = 0, the value of
voltage ‘v’ is zero but current ‘i’
has some positive value equal to °
I,sing’. This shows that ‘v’ and
‘I differ by phase angle ¢.
Because i had its zero value carlier
by an angle ‘¢’ of 90° then ‘v’ as
shown in Fig.15.9. Thus the current
is leading the voltage by an angle
¢ of 90°,

e

i
c e , AR [ /\ b .':/
V.sllu mf :'\4:[ ) dt K \I ~“ -
iy % « Jam
i |.\\\ln - \ i 4 n‘.

) I sin (wt-¢)

Fig.15.10 Phasor diagram for voltage and current where
current is lagging behind voltage by an angle ‘e’ (e = 907).

\1\6}
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c. If initial phase of voltage is zero at time, t =0 but initial phase of current is -

- negative at the same time then mathematically they are expressed as;

v=¥.smot ..1512@)
| i=1I sin(wt-¢) ...15.12(b)
at time t = 0, the value of ‘v’ is zero but current i has some negative value
equals to ‘I sin¢’. This shows that ‘v’ & ‘i’ are not in phase, where current ‘i’ is
lagging behind the voltage by an angle ¢ of 90° as show in Fig.15.10.

15.2 A.C. CIRCUIT

An A.C.-circuit is an electrical network which is powered by an A.C. source
and the elements such as resistors, capacitors and inductors are connected in series or
parallel across it. We will study the behaviour of alternating current and voltage in

each element.

15.3 A.C. THROUGH A RESISTOR

When a resistor of resistance ‘R’ is I R
connected to an A.C. source as shown in — "\ N\ ———>
Fig.15.11 then there is voltage drop
across it. The instantaneous value of

voltage is given by

v =V sinwt...... (15.13) .
According to Ohm’s law -

v =1R _ i

—A )

A

- Y

Fig.15.11 A resistor R in an A.C. circuit.

AR

i= —2sinot
R Vu ___liz.'ruge

i= I sinot ......(15.14)

Eq.15.13 and Eq.15.14 show,that =
n/3 n Time

the voltage and current are in phase with
each other as shown in Fig.15.12(a). i.e.;’
If0=0 thenI=0 and v =0,

o : ] b " :
Slmllal‘l}’, if Bi= ‘2— theni= Ioand v = Vo Fig.15.12(a) Voltage and current are in phase ina
' resistor. )
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These results show that when a resistor is connected with A.C. source then v

and i are in phase and it is shown in phasor
diagram 15.12(b).

Power dissipation
The instantaneous value of power

in an A.C. circuit which contains a
resistor only is given by
p= vi

p= V]I sin’ot ......(15.15)

In case of allernating current or

alternating voltage, we usc average

. . . ﬂ
dissipation by taking limits from 0° to —

r-—b-—b——

Fig.15.12(h) Phasor diagram which shows v and i
arc in phase.

FOR YOUR INFORMATION
In an A.C. circuit, power is always

It ot =0=0

Then p=V.I sin?0
p=0

Similarly, if wl=0= =

2

p=Yl,
Thus, the average power is given by
g 0+ V],
2
<SpE= m
-2
it M Iy
AL
<p 5181 |

i e
y=V1 sin"—
1 0o 2

measured in terms of rms values of
current and voltage.

B (g (15.16)

This shows that the average power dissipation in a pure resistive circuit is equal
to the product of r.m.s. value of voltage and current.

166,



Example 15.2

A voltage V=60sin ot is applied across a resistor of 20Q in A.C. circuit.
Calculate the root mean square value of current in the circuit?

Solutien:
V, =60volt .
Itms. =17
V, 60
As Viims, = —pw =—p=
1.5 \/E 7
Vims. =42.4V
Viems. =Iems.R
I - Vr.m.s
r.m.s. R
44V
r.M.S. 200
Irms. =2.12A

15.4 A.C. THROUGH A CAPACITOR

C
Let a capacitor of capacitance ‘C’ is _‘] i
connected to A.C. source as shown in |
Fig.15.13. There is alternating voltage drop
across the capacitor and the instantaneous
value of this voltage is given by
v =V sinot ...... (15.17)
The amount of charge stored in the capacitor "o
duc to instantancous voltage is given by " __6‘) g
g=Cv -
= CVU sin ot Fig.15.13 A capacitor C in an A.C. circuit.

We know that current is defined as the rate of flow of charges, therefore instantanecous

value of current through capacitor is given by

167
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AT ' ot . SO,
The mathematical solution of E{(S]n (Dt) 1S M COS

i= mCV, cosont

s +1
But cosml = Sin(mt+EJ “ Currmltagc
Sm/2\3
And oCV, = XcVo = L, 0 i : time
where X_. is the resistance (morc precisely

capacilive reactance) of capacitor. Thus,

T (a)
i= Insin[mt+—)...(15.!8)
a7 . I
Eq.15.17 and Eq.15.18 give us that
v and i are out of phase in A.C. circuit N
contains a capacitor as shown in w %
Fig.15.14(a), that is, at t=0, then v =0 and 90° "
'i=1,. Similarly, att=T/4; v =V, andi
=0,andat t=T  v=0 again and i =I. ¥

This shows that current is leading the
~voltage by 90°. It is also shown in the
phasor diagram 15.14(b).
(b)

Fig.15.14(a) Current and voltage are out phase

The opposition offered by a I3 capacitor (b) current leading the voltage by
90°,

capacitor to the flow of A.C. is known as
capacitive reactance. It is defined in terms of the ratio of root mean square values of

voltage Vrms to the root mean square values of current Irms. It is represented by X,

. l.-". s
1 ER e Eawreny g Vil
L 1{|:'r.(_;':'.f i el i -‘-l.{.‘

and is measured in Ohm.

\Y
X, = —ms
| DO YOU KNOW
V. / In an A.C. circuit, the capacitive
( 0/ ) _ reactance Xc of a capacitor is infinite
. ,/ 2 ohms for D.C. At the opposite extreme,

Xe = I / the Xc of a capacitor is zero ohms for
A.C. Therefore, a capacitor allows
(filters) A.C. through it but blocks
V, | D.C.

1
But [ = oCV ' s




Xe= usibis 1519
2nfC ( )

This shows that capacitive reactance is inversely proportional of both
frequency of current and capacitance of the capacitor. In case of A.C., frequency f is
large, while capacitive reactance Xc is small. In case of D.C., f1s zero so Xc is infinity
theoretically. In practice Xc has an extremely large value for D.C. source. It is
concluded that a capacitor allows the A.C. and blocks the D.C. in an A.C. electric

circuit.

Power dissipation
The instantaneous value of power dissipation in a capacitive circuit is given by

p= vi
p= V. I sinotcosmt

POINT TO PONDER
What are the reactances of capacitor
VI and _inductor, when A.C. source is
= 09cin2mt applied across them?

p= %(hin ot coswt)

If we integrate the above expression with respect to wt between the limits 0 and 2n-

the final answer is zero.
Thus, the average power dissipation in a capacitive A.C. circuit over a complete cycle

1S Zero.

[Example 15.2 , -
A capacitor of capacitance 100uF is connected to an alternating potential

difference of 12volts and frequency S0Hz. Calculate the reactance of the capacitor
and current in the circuit.

Solution:
C= 100pF = 100x10°F=1x107'F
V, =12V
f= 50Hz
Xc="?
I[=7? '
As Xc= 1
2ntC




]
T e
Xe= 55 1a)0Hn (110" F)
I

A= 5 1x10*
Xc= 31.8Q
= 1Xc
-
X¢
v
'~ 3180
I=0.377A
155 A.C. THROUGH AN INDUCTOR 1.
An inductor is usually a coil in the _L (00 i

form of a solenoid of inductance ‘L’.

When it is connected to an A.C. source as

shown in Fig.15.15, then there is a flow of

alternating current through it and the

instantaneous value of current is given by
i=] sinwt...... (15.20)

The growth of this current causes AC

an 1|1(!11ch c.m.f.. in the |11d11c!0r whose o .\,y___._

direction is opposite to the applied e.m.f..

Thus, the magnitude of mduccd emfin the Fig.15.15 An inductor in A.C. circuit.

inductor is given by ——— ]
Al DO }’OU KNOW

v=L— ; The inductive reactance X of an

At inductor is infinite ohms for A.C.

‘Conversely, the reactance X of J:ﬂ“
inductor is zero ohms for A.C.
_ " Therefore, an inductor allows (fi llezk.s)
vV = IDL-A—tsinmt D.C. and blocks AC.

- L PR

-
v =L—1sinwt
At

The mathematical solution of A
At (sint) is wcoswt. So,

vV =wl, Lcosmt

But coswt = sin(mH—-)
2




and o, L =1X, =V,
Inductor voltage

- Where Xy is the resistance of inductor V. /
L] |r:>urcurmnl/x

2 T
Thus, V=N sm(mt +E) --(15.22)
I‘lg 15.16(a) current and voltage are out nl’ phase

Eq.15.21 and 15.22 show that
n an mduclnr

current and voltage are out of phase in an
A.C. circuit contains an inductor as _
shown in Fig.15.16(a). That is, at time,

t=0,1=0and V=V and at timc,t:}

,i=1Ioand V = 0. The voltage is leading
the current by 90° in an inductive A.C.
circuit. It is shown in phasor diagram

15.16(b). ; w
Inductive reactance
The opposition offered by an

inductor to the flow of A.C. is known as
inductive reactance. It is represented by 7 90° L

X. and 1t 1s measured in Ohm. The i
inductive reactance can be calculated by
using Ohm’s law. _ , ;
= Fig.15.16(b) current lagging behind voltage by
o Vg 90
XL = '
ITI'I'IS
(¥5)
YL
XL = —1'——
; .
(5)
XL = Vo
Iﬂ
But V, = oLl
X, = ol I
IU
Xr= 2l ... (15.23)
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This shows that inductive reactance is directly proportional to both frequency
of current and the inductance of the inductor. In case of D.C., f = 0, so that XL =0,
while in case of A.C., frequency is large, so X is also large.

Thus, we conclude that an inductor allows the D.C. but blocks the A.C..

Power di
The instantaneous value of power dissipation in an inductive A.C. circuit is
given by

p= Vi
p= V. sinwtcosmt
V. I B
p= —=L2sin wt cosmt

= Msin 2mt

The average power over one cycle can be 5 TR

obtained by integrating above expression with | |, FRINTTOSXHVOR .
oo What arc the reactances of capacitor

respect to ot between the limits 0 and 2m and | 4nd inductor. when D.C. source is

final answer is zcro. applied across them?

Thus, the power dissipation in an inductive

A.C. circuit over a complete cycle is zero.

Example 15.3
What is the potential difference across an inductor of inductance 15H when an

alternating current of 15mA, frequency SOHz flows through it?

Solufion:
XL=1
L= 15H
lo= 15mA = 15 x 10*A
= 50Hz
V=1iXL
V= 2nf L1
V= 2(3.]4)(501—12)(15H)(15><10'3A)
V= 70.65V

@




77

15.6 IMPEDANCE

We know that a resistor offers
opposition to the flow of current in a
circuit. On the other hand, a capacitor and
an inductor in an A.C. circuit also offer
some opposition to the flow of A.C.. Their
opposition is called reactances wlmfh are
represented by Xc and XL respeclnrely.
Now let an A.C. circuit consists of a
resistor, a capacitor and an inductor n
series as shown in Fig.15.17(a) then the
combined effect of resistance of a resistor
and reactances of a capacitor and an
inductor is termed as impedance. It is
represented by Z and it is measured in
Ohm. Impedance can be determined in
terms of ratio between voltage to current

that is,

||||||

Since all the three components are
in series so the current i, through each

component is the same, but the voltage
drop across cach component is different.
The resultant voltage v, can be calculated

with help of phasor diagram as shown in
Fig.15.17(b) and Fig.15.17(c).

.

L vl:i-{-(vL"V(;)-
g 22y 2 «2 2
V= JI:,_R +12(XL—Xc)
Vi iZJR2+(XL+Xc)2
As Z=13_
iZ
. :z\/R2+(xL_xC)2
iZ

le— Avg—le— Avj—sle— Avp

___W\,——— 0

R L

i
ml
C

QO

15.17(a) RLC-series A.C. circuit

B

A

V=V,

'_.Ir‘:|_lxl

3

o s i o

\ A

Fig.15.17(¢) Resultant voltage i

\1}

1 RCL circuit.
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Z= R?+(X =X ) ......(15.25)
This is the impedance Z of RLC-series circuit.

15.7 A.C. THROUGH R-C SERIES CIRCUIT )

Consider a resistor and a capacitor which are connected in series to an A.C.
source as shown in Fig.15.18. As the resistor and the capacitor are in series so the |

current in the circuit is same at its each point and at any instant. Thus, the
instantaneous value of the current is given by

R

; . i C |

=T At oces (15.26) il ey || |
Now the voltage can be calculated < + 1 > |

with the help of phasor diagram. As we A\ Ve |

know that the voltage drop ‘v, across |

‘R’ 1s 1R and it is in phase with i. So the v

phasor for v, is parallel to i as shown in [ >

Fig.15.19. On the other hand, voltage A.C '

(Vc) across the capacitor is lagging " Q_.__

behind the current by 90° Thus, the L b

resultant potential difference ‘v’ across Fig.15.18 A resistor and capacitor in series in an
resistor ‘R’ and capacitor ‘C’ is equal to A.C. circuit

the vector sum of v, and v_.
v v
2 2 2 : 0 ' > .'\ - |
V' = Vu +VC » '
v = Ji?R? +i3X2 - L
i V=IZ i
; | i
V= IJR2 + 5 E
- (o0) .
H o aenr dinor corIes "rcllit.
v =1 |R? — ... (15.27) Fig.15.19 A phasor diagram for RC series ¢
(2nfC) :

The Impedance of RC-series circuit is given by




Fig.15.19 shows that the resultant voltage ‘v’ of the circuit lags behind the
current 1 by an angle ¢ called phase difference between v and i and its value is given

by
Perpendicular

tang =
¢ Base
el
¢ = tan '[—CJ
VR
et 1Xc FOR YOUR INFORMATION
¢ = tan iR The average power delivered by a
generator in a RLC series circuit has
af 1 maximum value when the inductive
¢ = tan oCR reactance equals to the capacitive
L reactance.

.
¢ = tan fCRJ...(IS.ZS))

| 2T
Example 154
An alternating current of 2mA with angular frequency 100rad s! flows through
a resistor of 9kQ and a capacitor of 0.4uF connected in series. Calculate potential
difference across R and C, resultant potential difference and impedance in the circuit.
Solution:
i=2mA=2x10°A
® = 100 rad s
R=9KQ =9x10°Q
C= 0.4pF = 0.4x107°F = 4x107'F

Vp =1

Ve=1

v=>7

Z=7

Vg =iR=(2x103A)(9 x 10°Q)
Vp = 18V

) 1
VC=!XC=E’E
2x107A

= (1oqrad s")(4><10—"F)

75
>




Ve =50V "

v = Vi +vE = |/(18) +(50)
- J324+2500

v = /2824
v = 53V
v
L, o =
1
- s 53V
Ixi0~k ¥

Z= 2.65x10'Q = 26.5kQ
15.8 A.C. THROUGH R-L SERIES CIRCUIT

Consider a resistor and an inductor A R i
which are connected in series to an A.C. 000 L
source as shown in Fig.15.20. The current [ —>

flowing through ‘R’ and ‘C’ is same at any
instant. Thus, the instantaneous value of

current is given by; E . i
i= I,sin ot AL
As R and C are in series, so the voltage . @_J/l =
drop across each component is different and F'&!520 A resisior and an inductor in
series m an A.C, circuit,

resultant voltage can be calculated with the
help of phasor diagram. In a resistor ‘v, ’
in phase with I. So, the phasor for ‘v, * is
parallel to the current i as shown in
Fig.15.21. Similarly, in an inductor, ¢ v, °

L I
. [
leads the current by % as shown in the
phasor diagram. Thus ‘v’ be the resultant : Ayl

of vp & Vv, and it is equal to their vector
sum, that is
v = v +v2
R L ! ' L'I-I'L.“il.

v = i’R? +i212 Fig.15.21 A phasor diagram for RL-ser! |

v = iyR? +(wLY

{?}
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v = i{R?+(2nfL)’ .[(15.30)

| impedance of RL-series circuit is given by

Solution:®

A%
Zi=r—
1

Z= \/R2 (2nfL)’ ...(15.31)

‘As the resultant voltage ‘v’ in RL—senes circuit Ieads the current by an angle
B so its value is given by \

¢= tan”’ [—\i'"—J

Example 15.5 '
An inductor of inductance 0.3H is connected in series with resistor of

resistance 6€2. If the voltage drop across resistor is found to be 12V, then calculate
current drawn from the source of frequency 50Hz (ii) the phase angle between V & 1.

L=0.3H
R = 6Q2
vp =12V
f=50Hz
o
¢ =7
A AR
- Current in the mrcu1t=l=_i—
AR :
6Q2 - .

Reactance of coil (XL) = 2nfL
X1 =2(3.14)(50Hz)(0.3H)

197
\/




e R
XL = 942 Q '
Voltage across L(v,)=1X, _
v, =(2A)(94.2Q2)
¥ =1 88.4V
Supplied Voltage (V) = JVa VL
: 2
v = J(12V)’ +(188.4V)
v =188.78V
2mfL
-1
= fan
(t) ‘ R
2(3.14)(50Hz)(0.3H
i = e 2314)(5002)(03H)
6Q2
¢ =tan"'(15.7)
: ¢ = 86°
15.9 POWER IN AN A.C. CIRCUIT
We have already discussed in the ;f;‘:,
previous  sections  that the power
dissipation in a purc capacitor and a pure vV
inductor is zero. We knows that, a pure - ks
capacitor stores the cnergy in terms of
electrical potential encrgy and a pure _
inductor in terms of magnetic potential 1 V.
encrgy. However, therc is a power s
dissipation in a resistor and its value is
given by '
~ P=iR v
But according to Ohm’s law ' i
V.
R= —B— ' .
i v
P=ivg ...... (15.33)
In RLC-series circuit, the current is the same at each point of the circuit, but the
help of

voltage drop across each component is different. It can be explained with the
phasor diagram as shown in Fig.15.14(a) and Fig.15.14(b). Where Vg in phase with ]

b : .
ut v, leads i by % and v, lagsiby %




insulated thick copper wire wound closely

‘very large. Thus, its power loss is

Thus % = cos¢ Av
Vg = vcosd e
Put it in Eq.15.33 !
p= vicos¢ ...(15.34) v,

This 1s known as a true power in :
RLC circuit and it shows that a maximum L > |
power will be dissipated when ¢ =0 and *
v’ and ‘i’ are in phase with each other.

It is possible only in a resistor. Thus one 2
C

can say that the power dissipation in a
resistor is called true power. However, the power dissipation in an impedance is

called apparent power (Vvi).

Power factor x
Power factor of an A.C. circuit is defined as the ratio of true power to apparent

power
true power

Apparent power

Power factor =

__vicos¢
vi
Power factor = cos ¢

15,10 CHOKE COIL

A choke coil is an inductor that
presents a relatively high impedance in
order to control the current in an A.C.

circuit.
A choke coil consists of an

in large number of turns over a soft iron
laminated core as shown in Fig.15.22,
Since the wire of the coil is of thick An Inductor
copper, so its resistance is very small. |
However, due to the large number of
turns, the inductance of the choke coil is

extremely. small. For example, a Fig.15.22 A choke coil

SR

NN _.—.——.N__—_——




fluorescent tube light requires 120V for its fluorescence, but our applied voltage is
220V. If we use a resistor to control the extra current due to potential difference of
220V, a lot of power would be dissipated by resistor in the form of heat. To overcome
this problem, a choke coil is connected in series with the tube or any other electric
device. It offers the reactance (X, =2mnfL) to the flow of current. The power

dissipation of a choke coil is almost zero, but it controls to extra current in the circuit,
The impedance of choke coil will be:

Z= JR*+X?
7= R? +(2nfL)’

In case of D.C., f=0, then XL = 0 and Z = R, this shows that a choke coil
cannot be used to control D.C. because its resistance is negligible, but it is used to
control A.C. only.

15.11 RESONANCE IN RLC-SERIES CIRCUIT
Consider a resistor, a capacitor and

an inductor which are connected in series I R ~v~ C

across the source of A.C. of constant [—P>—"\/\/\,— RVRY _‘1"‘—\

voltage but adjustable angular frequency : L

‘@w’ as shown in Fig.15.23. As the

; . : < — >
components are in series, so there is a : AC
i " . (r \
same current in the circuit. That is, 1=— ° & ¥
'\

‘ , . d .
, where ‘Z’ is the impedance of the RLC- ;1523 resistor, a capacitor and an inductor
series circuit and it depends upon the  connected in series inan A.C. circuit.
frequency. For example, if the frequency
increases, then the inductive reactance X, =L  increases while the capacitive

reactance X, = -—C decreases. If the frequency decreases, then we have the reverse
_ 3 "G _

results. In between these lower and higher frequencies, there is always a frequency fo
at which both reactances become same but in opposite direction. So both are cancelled
to each other. As a result we have minimum impedance (Z) and maximum current (i).
- Thus, the frequency fo at-which the impedance (Z) has its smallest value and the

current amplitude reaches at its maximum value is called resonance frequency Its
value can be calculated as;

The resonance occurs when

R A

180

N
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increases and the current 1, decreases while the capacitive reactance X.=—

£
g
I

POINT TO PONDER
If resistance remain same but

£
Q

- | capacitance and inductance are
@, = ‘L_C' doubled, how will the resonance -
: frequency change?
1 R L R i o
Wy = —
VLC ﬁ ...... b _~R®
or 2nf = b :
: JLC ” i
¢ 1 | : i
= ——— ...(1535 E :
° 2m/LC { _ ) o ; v
This is resonance frequency. gl : Z.
If we plot a graph between current O :
and frequency then we have 2 §
resonance curve as shown in E
Fig.15.24. The graph shows that the 0 £ F‘rcql.uanl:;r’;Ir
amplitude of the current reaches its Series Resonance

maximum value at the resonance - Fig-15.24 A graph between current and frequency of an
frequency fo ) : A.C. in RLC-series circuit,

15.12 RESONANCE IN LC-PARALLEL CIRCUIT

Consider an inductor of inductance ',- T
‘L’ which is connected in parallel with a ‘_[ v
"

capacitor of capacitance C across an A.C,
source of voltage ‘v’ and has adjustable =
angular frequency ‘@’ as shown in *I. _ _
Fig.15.25. The voltage drop across each < ;c >
component is the same. But the current Fagg

te & o M : — e e
through ‘L’ is 1, and through C s 1.. The b—d

Fig.15.25 A capacitor and an inductor in parallel

phase difference between i, and i; is inanA.C. circuit
180°, so i = i, —1.. If the frequency increases, the inductive reactance X, = oL also

®C
decreases hence current i. increases. Similarly, if the frequency decreases, we will
observe the inverse result. The experiments show that there is a certain frequency
between the lower and the higher frequencies at which 1, =1, and i= 0. Such current

&




with minimum amplitude is obtained at certain frequency
frequency f_, for LC parallel circuit. Its value can be calculatec

When the resonance occurs then “
i[_ = 1C
vV .. W L
XL XC
XL = Xc. . :
1 ' :
2nf L = —— . pemeessssemeeee.
. 2t C - . 0
~ _
P 1 : : Fig.15.26 A graph :
o gy /_LC ‘. . of A.C. in LC-parallel c

If we plot a graph between current and frequency then
curve which is inverse as that of the curve obtained in R

Fig.15.26, we have observed that at resonance frequency “ f_ °,

' 15.13 METAL DETECTOR

The metal detector comprises
of a resonating circuit and is used to

detect the presence of metal nearby,

hidden metals or mectallic’ objects, e i
buried metal underground etc. It —
consists of two LC oscillatory circuits  Search L Oscillator

A and B which are connected across Coil B

the beat_f‘req}mncy amplifier cir(;uit as Fig.15.27 A circuit - ;
shown in Fig.15.27. Each oscillator

contains an inductor coil parallel to a capacitor
to form a LC parallel circuit. A metal detector is
based on the principle that the presence of metal
within the range of the coil, changes its
inductance L which in turn causes a change in
the resonance frequency of the LC-circuit. At the
normal condition, that is, when there is no metal
near by the coil ‘B’ called search coil. The
frequency of the both oscillators A and B is the
same, i.e., adjusted at same resonance frequency,
hence they produce zero beat When the search . External structun
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y known as resonance
ed as

-

i i b L L L T e —————

I

> f

lween current and frequency

n we have a resonance
RLC-series circuit. In

, the current is zero,

Loud Speaker

—— ,@‘"Q"D
Peats Frequency
Amplifer *T

Oscillator
A

i

coil approaches to the a metallic object, its inductance ‘L’ decreases and the frequency
of the oscillator ‘B’ increases; So, there is difference in frequencies between the two
oscillators resulting in a beat phenomenon and the loud speaker attached to the
amplifier circuit is sounded as an alarm. The metal detectors are used not only for
security purpose but also to detect buried and hidden metal objects. In the same way,
metal detectors are used in mining and other scientific research.

15.14 MAXIMUM POWER TRANSFER IN AN A.C. CIRCUIT

In unit 12, we have studied that a D.C. source transfers its maximum power to
an electric network when the internal resistance of source equals to the load resistance.
This is named as “maximum power transfer theorem”. Such theorem also applicable
to an A.C. network which is explained as under:

; Consider an A.C.‘circ.uu havinga e
load impedance ‘Z.” which is connected
across the A.C. source of impedance ‘Z;’

as shown in Fig. 15.28. According to

maximum power transfer theorem, the
maximum power is transferred from
source to.load when the impedance of
source Zg and impedance of load Zy are

matching to each other, i..,
2=ty i (15.36)
Eq 1536 holds in case of a source delivers its maximum power to the load.
communication system where a signal transfers = =
with its maximum power between. transmitting ToF g(::atltf;fx 1‘:::‘;2 U;E;;L?;T\r 2l
antenna and receiving antenna when. the | fom an antenna in a communication
impedances of the transmitter and the receiver | system, the radiation resistance of the
match to each other. However, in case of power | antenna must match the output

ransmission system or any other electrical [ resistance of the transmitter.

network, their efficiency in terms of maximum power transfer is about 50%, because
there is large load resistance across the source.

15.15 ELECTROMAGNETIC WAVES

The waves which compose of oscillating electric and magnetic fields at right
angle to each other also perpendicular to the direction of their motion through space
are called Electromagnetic waves, these waves do not require any medium for their
propagation. :

Based on Gauss’s law, Faraday’s and Ampere’s laws, British Physicist James
Clerk Maxwell in 1865 showed a closed relationship between electric and magnetic

Fig. 15,28 An A.C. circuit in which the impedance
of the source matches to impedance of load and

 fields. He predicted that electric and magnetic fields can move through space as



waves. He explained this mutual
interaction between the two fields in the
form of a set of four mathematical
equations which are called Maxwell
equations. These equations may be
summarized as: a time varying or
changing magnetic field . produces a
changing electric field. This changing
electric field will in turn produce a
changing magnetic field and so on.

To explain the Maxwell’s
hypothesis, we consider a conducting rod
AB which is connected to an alternating
voltage source. The charges are
accelerated through ‘rod such that a
changing magnetic field produces around
it in the region CD as shown in
Fig.15.29(a). This changing magnetic
field again set up a changing electric field
and so on. This shows that each field
generates the other and as a result the
- whole package of electric and magnetic
fields start motion in forward direction
through space. Such a combineed motion

— I

Fig.15.29(a) Changing of magnetic flux in the
region AB induce an eclectric field in 1its
surrounding.

Fig.15.29(b) Propagation of electromagnetic “‘:;'-ih
that * consists of electric and magnetic fick
perpendicular to cach other.

of electric and magnetic field is known as electromagnetic waves which consists of
electric and magnetic field perpendicular to each other as shown in Fig.15.29(b)-
These waves travel in space with the speed of light ‘c’. Its numerical value
3 x 10°m s™ can be calculated by the following equation

— (15.37)
where p, and g, are permeability and permittivity of free space respectively:
Electromagnetic wave has many forms such as radio waves, microwaves

infrared waves, visible light, ultraviolet light, X-rays and Gamma-rays. All these

electromagnetic waves travel through free space with the same speed equal to speed

of light ‘c’, their frequency and wave length can be study by the following relation-
c=fA ... (15.38) :

c=

184
A 4
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15.15.1 The spectrum of electromagnetic Waves

The speed of all the - I
electromagnetic waves is same but their ,5-,,,__; L2
frequencies and * wavelengths  are L=
different. Therefore, the electromagnetic w’m--é T
waves can be classified on the basis of =1
their frequencies and wavelength. The m;:'"‘“ xmp
orderly classification of electromagnetic A |
wave with respect to their frequencies 100mm |
and wavelengths is known as "the  1oemetim
electromagnetic spectrum. Graphically, a s &
complete spectrum of electromagnetic |
waves is shown in Fig.15.30. Now all s |
these classes of electromagnetic waves mm-‘;:‘:
are explained as: e s b
Radio waves \ 1;::" :

Radio  waves are  those Ay | i i
electromagnetic waves which have the 10km |-
Jongest wavelength. Typically, the 100km 1 \

wavelength of radio waves is longer than
1mm. They are produced by the electrical
oscillation in the LC-circuits and used in
the global communication system wit

Modulation) uses waves with freq

(Frequency Modulation)

Fig.15.30 Electromagnetic waves spectrum in
terms of wavelength A and frequency ranges f.

h different frequencies. e.g., AM (Amplitude
uency from 530KHz to 1170KHz, while FM
radio broadcasts are at frequency from 88MHz to 108MHz

and TV broadcasts use frequency from 54MHz to 890MHz. Radio waves are also
used for the communication system of cellular phones with frequency from 300MHz

to 3000MHz.

113 asvYRINLIOAC
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Microwaves are also generated by the LC oscillating circuit. They have
wavelengths ranging from 1mm to 30cm. They are used in the radar as well as in
 aircraft navigation system. Similarly, the short wavelength microwaves are also used
for study of atomic and molecular properties of matter. Microwave oven is a useful

application of the microwaves.

Heating and burning effect of microwaves
Watex: is a good absorber of microwaves because the water molecules are polar
and the positive and negative charges of the molecules are attracted in opposite

Jss,



direction. As a result, the molecules start oscillation. The frequency of rotation of
water molecules is about 2.5GHz. Now if microwaves of this frequency are allowed
to fall on water, the molecules of water absorb these radiations and hence water gets
heated up, such heat energy is spread out in the whole region due to the rotation of
molecules of water. A microwave oven is used for heating or cooking the food under
this principle. Food with any moisture (i.e. free of water) cannot be heated in a
microwave oven. |

~ On the other hand, microwave radlatmn can heat the body living tissue in the

same way that it heats the food. Therefore, prolong exposure of mlcrowaves cause
burning of body tissues. :

Infrared waves

Infrared radiation IR, sometimes called infrared light or heat waves, is
electromagnetic radiation with wavelengths longer than those of visible light i.c. its
wavelength is lying between 700 nm and 1 mm. The large amount of infrared waves
are generated by the sun, the sun gives off half of its total energy as infrared. Infrared
waves have also some interesting scientific applications in vibrational spectroscopy.

For example infrared is being used as short range signal wireless system between a
device and a remote control:

Visible light

This is the most lmporlant part of the electromagnetic waves spectrum emitted
by the sun, because it is the only radiation which is detected by the human eye. It is

produced by the transitions of electrons in the atoms. The wavelengths of visible light
are ranging from violet (4 x 10”7m) to red (7 x 107m).

Ultraviolet light

Ultraviolet light has a wavelength range from 4 x 107m to 6 x 10"'°m. Their
most important source is the sun. But they are also produced by carbon-arc lamp,
electric spark, discharge tube, mercury vapor lamp, hot bodies etc. Most of the
ultraviolet light from the sun is absorbed by ozone (O3) molecules in the earth’s upper
atmosphere, or stratosphere. This is fortunate, otherwise prolong exposure 10

ultraviolet light has harmful effects on human. Such as sun burns as well as skin
cancer.

- Ultravielet lamp

A ultraviolet lamp is a device that produce electromagnetic wave in the
wavelength between those of visible light and x-rays. It consist of a-glass tube
contains a small amount of mercury. When the potential difference is applied across
the tube, the molecules of the mercury are excited and they emit ultraviolet light as
shown in Fig.15.31. The wavelength of emitted ultraviolet light depends upon the




pressure inside the tube. The ultraviolet

light emitted by the lamp is bemg used for

the following purpose:

e Ultraviolet light produce vitamin D in

- the skin, therefore it is useful for

Cystic fibrosis (CF) and Short Bowel
Syndrome (SBS) patients, who suffer
from vitamin D deficiency

e Jt is being used in killing and
eliminating viruses, bacteria, Fig.15.31 Excited molecules of mercury inside the
microbes  and other harmful tube emit ultraviolet light.
organisms. '

e [t is also used in hospitals as well as drug and. food industries to sterilize-the

equipments.

X-ray
X-rays are electromagnetic radiation with wavelength ranging from 10°m to
10-"?m. They are produced when fast moving beam of electrons strikes on the metal
target. X-rays are used as diagnostic tool and also used as a treatment for certain forms
of cancer. Care must be taken to avoid unnecessary exposure because X-rays can
destroy living tissues and organisms. X-rays are also used in the study of crystal

structure.

Gamma rays
Gamma rays have the shortest wave- lengths and their wavelength ranges from

10°m to less than 10""*m. Gamma rays are highly penetrating. Therefore, they. are
"used to destroy cancerous cells in humans. They are also used to conduct nuclear
reactions. Gamma rays are emitted by radioactive nuclei in radioactive decay such as,
60C, and '*’Cs. These rays are also emitted during the nuclear reactions.

15.16 PRINCIPLE OF GENERATION,  TRANSMISSION AND
RECEPTION OF ELECTROMAGNETIC WAVES

We have . discussed the Maxwell’s electromagnetic field theory that
electromagnetic waves are generated when either an electric or a magnetic field is
. changing with time and these waves are capable of traveling through space. Similarly,
we have also observed that an electric field due to a charged particle at rest or moving
with constant velocity does not radiate in space because the magnetic flux is not
changing in these cases. But the electric field only radiates through a certain region
of ‘space, when the charged particle is accelerated. Based on this principle,

@,




antenna,

n a i
! |1 E :
: E
: 1 E
- [ N
(a) =0 () =1 © =1 @) =T

Fig.15.32 (a) An arrangement for generation and transmission of electromagnetic waves by a dipole

electromagnetic waves can be generated in space by using a radio wave transmitting

dipole antenna.

A dipole-antenna consists of a long
wire which is powered by A.C. source of
frequency ‘f” and time period T. One pole
of the antenna is in space while the other
is grounded as shown in Fig.15.32(a). As
the source is alternating so the charges
vary periodically at the ends of antenna.
Now we study such variation of the
charges on antenna for one cycle of A.C.

At time t = 0; the upper part of the
antenna is positively charged and the

lower is ﬁegatively charged. The direction of E is downward. At t= T

: - i
are neutralized, and E 1is zero. At t:E; upper

part is negatively charged and lower is
positively charged and the direction of E is

upward. Att=T; E again comes at its initial
position. For the next cycle, the same process of
variation of charges on the antenna is repeated.
.On the other hand, the oscillation of these
charges produces a current in the antenna, as a
result a magnetic field is also generated. Now
these two fields are out of phase to each other

E

~a
C

- Fig.15.32(b) clectric lines and magnetic lines ol
fqrcc perpendicular to cach other.

—; the charges
7 g

FOR YOUR INFORMATION
A resonant LC circuit generally has
hundreds or thousands of signals
present at its input, but only one is
selected to be present at its output. €.8.
fhe antenna for an FM receiver
intercepts the signals of many different
FM broadcast stations, but by turning
an LC circuit to resonance, the listener

can select only the station he would
| like listen to. i ;

e
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and the lines of force of E are perpendicular to the lines of force of B as shown in
Fig.15.32(b). In this way, the electromagnetic waves travel through space away from
" . the antenna with the speed of light and its frequency depends upon the frequency of

the alternating voltage source.

After transmission the
electromagnetic  waves from the '
transmitting antenna, these waves can be
received by an LC-parallel electrical _
circuit where L is inductor and C ‘is ' }

variable capacitor. A long wire called
receiving antenna is connected with this
LC-parallel circuit as shown in Fig.15.33.
Now when the electromagnetic waves fall
on the receiving antenna, the electrons in
the antenna start oscillation due to the
oscillating electric field of the waves. As
a result, an alternating voltage induced $ 1898 Risssiviig setaes wilh D ehalt

across the antenna. The frequency of this
voltage is the same as that of the waves intercepting the antenna. There are a number

of electromagnetic waves that travel through space with their own frequencies. But
the receiving antenna can receive one of them at a time. It takes place only when we
adjust the value of the variable capacitor such that the natural frequency

4 =

( f= l J of the LC-circuit is same to the frequency of the incoming waves from
21/LC _

the transmitting station. Thus due to the resonance .phenomena, the LC-circuit will

respond to electromagnetic waves of particular wanted frequency and reject all the

other unwanted frequencies. Such arrangement is used in the tuning circuit of a radio.

15.17 TRANSMISSION AND RECEPTION OF INFORMATION

The process of transmission of information by a radio wave is shown in
Fig. 15.34(a). Our information or message which is to be transmitted in the form of
sound or picture, where sound has frequency ranging from 20Hz to 20KHz with speed
334ms! in air at 0°C and it is a non-electrical signal. Therefore, microphone converts
sound signal into the electrical signal and then it is fed to audio amplifier for raising
the strength of the signal. This audio signal cannot be radiated out from the
transmitting antenna directly. For this, a very high frequency wave called radio wave
is produced by oscillator. The radio carrier wave is also known as carrier signal. The
amplitude of radio wave is constant and they have high frequencies from 30kHz to
300000kHz with a speed of 3 x 10® m s™\. Now the audio signal is super imposed on
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the radio frequency wave by using

modulator. This process is called ) e
modulation. The modulation ‘wave is e TS i B S Aerial
finally transmitted in free space by the ~ Mmrere
transmitting antenna. o

When, when the modulated Osclilator =i Modulator
transmitted wave falls on the receiving ' Jane

antenna as shown in Fig.15.34(b), the

receiving signal is first amplified by the  Fig.15.34(a) A process in which the information in

f : srms of audio frequency wave is transmitted by ;
tuned amplifier and then the modulator '“™ of audio frequency wave =y
radio frequency wave.,

accepts the relevant audio signal
and reject the unwanted radio  *"\y*
frequency wave. This process by
which the radio waves and audio
waves are separated is known as o A
demodulation. Fina")& the audio Fig.15.34(b) A process in which the ‘information audio
signal is amplified by the audio frequency signal is received under various stages.
amplifier and then fed to the loud

speaker for producing the replica.of original sound waves.

15.18ELECTROCARDIOGRAPHY (E.C.G.)

The instrument that records the
voltage pulses associated with heartbeats
is called electrocardiography and the
pattern recorded by such instrument on a
graph paper or. computer is called an
electrocardiogram. It is explained as
under: : . _ Fig.15.35(a) charge distribution across the

: The H i ] membrane of the cell in its resting state (b) charge

B gy 15 a. muscular organ ;¢ ibution as the depolarization wave passces.

made up mostly of cardiac muscles. Now
we will study an individual muscle cell in
its resting state. There are negative ions
on the inner surface of the membrane of
the cell, while positive ions on the outer
surface as shown in Fig.15.35(a). This
ions distribution across the membrane of : e $
the cell causes of electric potential. © Fig.15.36 Graphical representation of ECG.

The electric impulses that originate in the muscle fibers gradually spread from
cell to cell, causing the muscles to contract. The pulse that passes through the muscles

@




~ cells is called a depolarizatibn wave. The”

“polarization and it is represented by the

" normal one.

S

§-~

generated impulse will pump the positive R Nonsar waverors
ions on the outside of the cell to flow in = I 11Tt
and neutralize the negative ions-on the Sapatgly
inside of the cell as shown in <331 558 | BaES; 'r_ll JEES

Fig.15.35(b). This effect causes of
neutralize the potential difference. Once =
the depolarization wave has passed | ERRRY
through an individual heart muscle cell, : —)
the cell 1s polarized again. i.e., it recovers DR m——
the resting state ions distribution in about  Fig.1537 (a) The recorded ECG for a normal
250ms. Thus, the depolarization and heart.

polarization of cells in the heart causes
potential difference that can be measured using electrode connected to the skin. The

potential difference measured by the electrodes is amplified and recorded on a graph
paper or a:computer as shown in Fig.15.36.
) Let us study the recorded ECG  gepupepeammtzgt opot g

for one beat of a normal heart as shown  H=fssgsisar et i o
in Fig.15.37(a). The pulse ‘P’ shows Sl =iy | | HE R
the generated pulse before the muscle it 1 if T

to contract. Similarly, when the pulse
passes through the cell called

ST WSS Pl Ewa——
. .
.
bl )

pulse QRS. Finally, the T pulse accurs
when the cells are polarized again.
Similarly, the recorded ECG for an P
abnormal heart is shown . ]l: ;1;.;‘5.3?{b} The ‘recorded ECG for an- abnormal
Fig.15.37(b). The registered result

shows that there is no constant relation between the pulses due to the polarization and

depolarization. On the other hand, the pulse QRS is w1der than the pulse QRS of the

E e
S

e Alternating Current (A.C.): A current or voltage which changes periodically*

~ with time both in positive and negative direction is called alternating current or
_voltage. i.e.,i= I sinot or v =V, sinot

e Root Mean Square Value of Current or Voltage: The R.M.S. value is that

effective value of an alternating current or voltage which produces same amount

to heat in a resistor as that of produced by D.C.

&




Ims = 0.707 Io.
A.C. Circuit: A circuit which is powered by A.C. source and a number of
components (such as R, L and C) are connected across it is known as A.C.-circuit.

Capacitive Reactance: The opposition offered by a capacitor to the flow of A.C.

is known as capacitive reactance (XC = LC}

: o
Inductive Reactance: The opposition offered by an inductor to the flow of A.C.
is known'as inductive reactance (X, =wL).

Impedance: The combined resistance of a resistor, capacitor and an inductor in

~ A.C. circuit is known as impedance.

Power factor: The ratio between true power to the apparent power is called power
factor, it 1s equal to cos¢.

Choke coil: Choke coil is an inductor whose power dissipation is zero and it is
being used to control the current in an A.C. circuit.

Metal Detector: It is an electronic instrument which consists of resonant circuit
and is used to detect metal, metallic objects, and the buried metals.
Maximum Power Transfer Theorem: An A.C. source transfers its maximum
power to load when its impedance equals to the impedance of load.
Electromagnetic waves: Electromagnetic waves are composed of oscillating

electric and magnetic fields at right angle to each other and they do not require
any medium for their propagation.

Modulation: A process in which audio frequcncy signal is super imposed on the
radio frequency wave.

Electrocardiography: The instrument that records the voltage pulses associated
with the action of heart is called electrocardiography.

Electrocardiogram: The recorded heart pulses on a paper is called
electrocardiogram.

EXERCISE

Select the best option of the following questions.
The mean value of current over one complete cycle of A.C. is

(a) Zero (b)One (€)1 (d) Io

Root mean square value of alternating current is equal to g

(@) 50% of I (b) 50.7% of Io (c) 70% of I (d) 70.7% of lo
When the initial phase of A.C. is TE/ 2Ithen it will complete its one cycle at
the phase of '

(a) T (b) 3n/2 © 2m . d) 57/2
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Average power dissipation in an A.C. circuit across the resistor 1s
12

4,
(a) VI - (b) Volo (¢) Vimslrms (d) VI
: 5. When a capacitor is connected across the A.C. source then
(a) V & I are in phase (b) I lagging behind V
Ls (c) Ileading by V (d) V leading by I
6. When the frequency of A.C. is increased then the reactance of the inductor
will
(a) Remain the same ' . (b) Decreased
(c) Increased (d) Become negative
% The power dissipation in LC- circuit is |
(H)VI (b) Volo (C) Vimslrms (d) Zero
8. A capacitor is an A.C. circuit is working at
(a) Any frequency (b) Low frequency
(c) High frequency (d) Zero frequency
0. The unit of impedance is
(a) Ampere (b) Volt (c) Watt (d) Ohm
10. Acwrdmg to the phasor diagram, the phase difference between Vi and Vc is
@3 o) © @ 27
11. Power factor is equal to
(a) VI (b) VI cose (c) cos (d) tang
12.  Inachoke and a resistor series circuit, the A.C. source delivers its maximum
power when
(a)R=0 b)Z=0 (c)R=2Z (d)R>Z
13. The A.C. source transfers its maximum power to load when
(a) Impedance of source is equal to 0
(b) Impedance of source less than impedance of load
(c) Impedance of source greater than impedance of load
(d) Impedance of source equals to impedance of load
14. InRLC- serles circuit the amplltude of the current has its maximum v'llue when
(a) Xc= (b) XL = (c) Both zero (d) XL =
15. In RCL-paralIel circuit, the resonance phenomenon will be observed when
the net current in the circuit is
(a) Increasing  (b) Decreasing (c) Reverse (d) Zero
. 16.  The resonance frequency is -
‘ (a)f=21'[\/L_C (b)f=.__2_n__ (c) f= l ( )}/_E—E‘
JLC 2n/LC 2n
17. The propagation of electromagnetic waves was predicted by

{2}
MUNPNBM=SE ==
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What do you know about the instantaneous value, root mean square value and

peak value of alternating current and alternating voltage?

o 3. What is phase of A.C.? Explain phase lag and phase lead between alternating
current and alternating voltage with the help of phasor diagram.

Study alternating current through a resistor and calculate power dissipation in

2

4.
the resistor.

3 Discuss A.C. through a capacitor and power dissipation in it.

6. What are the value of instantaneous current and voltage in an inductor when it
is connected across the A.C. source?

7. What is impedance? Calculate the impendence of RCL-series circuit.

8. Calculate impedance and phase angle of RC-series circuit.

9. Discuss the behaviour of A.C. through RL-series circuit.

10.  State and explain power in an A.C.-circuit and power factor.

11.  What do you know about choke coil, its function and application?

12. State and explain resonance in RLC-series circuit with the resonance

frequency.
13.  How can resonance be observed in LC-parallel circuit? Also calculate the

resonance frequency in LC-parallel circuit.
14.  Explain metal detector, its working principle and function.
What are electromagnetic waves? Discuss the process of generation,

propagation and reception of electromagnetic waves.
What do you know about the spectrum of electromagnetic waves? State and

explain all classes of electromagnetic waves.
Explain electrocardiography with its working principle and its function.

: - NUMERICATL PROBLLEMS

1. The r.m.s. value of alternating current is SA and its frequency is 50Hz which
flows in a circuit through a resistor. Calculate the peak current and the value
of the current after 0.002s. (7TA, 4.4A)

| A An alternating current flows through a resistor of 10Q and produces heat at the
| rate of 360W. Calculate the effective value of current and voltage. (6A, 60V)
13 A capacitor of capacitance 6uF is connected across the A.C. source of 220V,

Calculate the current through the capacitor, if the frequency of the source is
50Hz. (0.4A)

4, An inductor of inductance 0.6H is connected across the A.C. source of 220V.
Calculate the current through the inductor, if the frequency of the source is

|
|
ﬁ 50Hz. (1.2A)
'|
|
I

16.

195
) 4



What 15 PN junction? How can you form a PN junction?

4, Define biasing of PN junction and discuss Torward biased and reverse biased
of a PN junction.
i 5, What 15 rectification? How can a diode be used as a rectifier? Explain hall-

wave rectilicalion,
G State and explain full wave bridge rectilication by using four diodes,
7 What is transistor? Explam the operation of NPM transistor?
g, Discuss the three configurations of a transistar.
0 What 1s amplification? Explain the amplification of common emitter NPN

fran 5!5[‘31’ |
How can transistor be used as an autlomatic switch?

NEUMERICAL PROBIPENS

1. (Calculate the resistance across the PN-junction silicon diede that has Djh of
current through it with a 0.8Y drop across the two terminals of the diode.

(1.652)
!' 2, How much is the emitter current with 100maA For the collector current and
SO00UA for base current? (100.8mA)

% A transistor has a = 0.995. If the coutter current 15 B0mA, what is (i) the
collector current (i1) the base current (iit) currdnl gain 7

(i) T9.6mA, (i) 0.4mA, (iii) 199

4. The current gain B of a transistor is 200. If the base current is 0.2mA, Find (1)

the collector current (1) emitter current (1i1) the value of a .
(i) d0mA (ii) 40.2mA (iii) 0.995

5. The input resistance in the common cmilter amplifier circuil of a given
transistor is 2k£) . The outpul resistance of this circui is BkC2. What would be

1 the outpul voltage carresponding to an inpul voltage 6mV if the current gain
5 is 1007 (2.4Y)




