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1.1. Zero Reference Level

n order to avoid errors in the measurement of various

voltages in an elecwonic circuit, it is essential to select

some conunon point which is considered to be at zero
potential. All circuit voltages whether positive or negative,
are measured with respect to this point. It can be any point in
the circuit and need not be necessarily at 0 V. In Fig. 1.1 ¢a).
negative battety tenninal i.e.. point D is taken as reference
point and voltages of other points in the circuit are stated
with reference to this point.

For exaraple. voltage of point A with respect to nega-
tive battery terminal (zero reference ievel) is +12 V, that of
point B is +6 V and that of point Cis O V since it is directly
connected to point D. In fact, negative battery tenninal can
be grounded as shown by 3 short lines in Fig. 1.1 (b).

A R B A R a8
—Oo—MY—GQs v — O MM~ —0 +§ V
RV ' | 412V
2V = <R = nv K
DoV D
Y
VR
'3 C - C

oV
(a) ®)

Fig. 1.1

& LN~

o

0 o NO

(=
—
[ P |
—
e
—
-

Circuit

Fundamentals

Zero Reference Level

Chassis Ground
Ohm's Law

Formula Variations of
Ohm's Law

Graphical Representa-
tion of Ohm’s Law

Linear Resistor
Nonlinear Resistor
Work and Power

Celis in Sertes and
Parallel
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A R B A B
—0— AWM——4—0 -6V ——O0—AMWN—0 6V
< -12V

~12V

v
=y [V R —— |2 V R
Diov
[ b ¢
> =d e ¥ o OV W
+
(a)
Fig. 1.2

1t would make no diffetence to voltage measurements even if
positive battery terminal is grounded as shown in Fig. 1.2 {(g). The
only diffietence is that now all circuit voltages would be negative with
respect o the ground as shown in the figure. But their magnitude
(which is our primaiy concem) remains unchanged. Of course, direction
of current flow isreversed. Fig. 1.2 {&) shows another way of showing
ground in circuit schematic diagrams.

In Fig. 1.3, theee equal tesistors are connected in series across
a 12 V battery. The centre point E of the middle resistor has been
grounded i.e., fixed as zero ref erence level for voltage measurements.
[t is seen that point B is 2 V above point E i.e., it is positive with
respect to £ whereas point Cis 2 V below point £ i.e., it is negative
with respect to £. Similarly, point Ais 6 V abeve E and point Dis6 V
below E. Another point worth noting is that conventional current

16V
F Y
= 12V
A
G
Fg. 13

always flows froni a point at higher potential to one at lower potential. Since E is at a higher
potential as compared to point D, current flows from £ to D. For similar reasons, current flow is from

At E.
1.2. Chassis Ground

Generally, electronic components a1 e mounted either on aconducting metal sheet called chassis

!
|
e e =
il vt ™M
T
1 & B
& o
.!ﬁg‘
=
==
. |
1
4q

or on a non-conducting plastic board with
printed wiring. When using chassis, it is
common practice to treat the body of the
chassis itself as the common ground. Being
a good conductor, it provides aieturn path
for different cutrents as shown in Fig. 1.4
(a). All circuit voltages are measured with
respect to chassis ground which is
supposed to be at zero potential. [t would
be appreciated that selection of chassis as
a common ground greatly simplifies the
circuit wiring, In drawing simple circuit
diagrams, it is common practice to show
various electronic components connected

Electronic components including chips are usually inked 1o chassis ground with the help of ground

toQether by fixing them to o printed circuit boardq,
sometimes called a card.

symbols depicted in Fig. 1.4 ().
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Fig. 1.4
In the case of printed-circuit boards (PCB) made of plastic, a tim of solder around the edge
serves as the chassis ground as shown in Fig. 1.5. When a voltage source is connected between

points A and 8, its one end is grounded through 8 and the otheris connected to the resistors R, and

-

. R
—w—()—
Ao—— |
\Y R ‘ Anameter

B : il Y

R

2 \Y

r I| :
"’— Chassis
Ground

Fig. 1.5 Fig. 1.6
1.3. Ohm’s Law

In circuits energised by dc voltage sources, there exists adefinite
relationship between the current (7) that flows through a resistance (R)
and the voltage (V) applied across the resistance (Fig. 1.6). This rela-

tionship is called Ohm's law and may be expressed by the equation.
vV

= =

R
where [/ = current in amperes

V = applied voltage in volts

R = resistance in ohms

It is seen from the above formula that current is Geman physicist
. . . GeorgeOhm
1. directly proportional to applied voltage and (1789-1854)

2. inversely proportional to resistance.

1.4. Formula Varialions of Ohm's Law

The three formula variations of Ohm's law are as under :

l. I =V/R — for finding current

2 R =V/I — for finding resistance

3. V=I/R — for finding voltage | __
These formulae are an important aid to the undeistanding of circuit

behaviour. They enable us to deteimine the value of any of the three Ohm’s law.
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quantities involved if the values of the
other two are known. It makes itpossible
to design electronic circuits and to
determine 1the values of various
components mathematically thereby
avoiding unnecessary measurements of

A
T,
experimentation and wastage of time. o
The above formulae may be m m
memorised by using the circle divided as W ):Q—W { §<
in Fig. 1.7. To use the circle, all you need !
to do is to cover the factor you want and -
read the remaning formula. Remember that V=IR V =VR R=VA
the above three quantities are given in Fig. 1.7
the units of volt, ampere and ohm. -
For elecaonic circuit calculations, the resistances are often in Milohms (k€2) and currents in

milliamperes (though voltage is usually in volts). In that case, the above circle can be modified as
shown in Fig. 1.8.

1.5. Graphical Representation of Ohm's Law

The Ohm’s formula /= V/R states that Vand [/ are directiy proportional v
forany given value of R. This relationship between V and / can be analysed - (Volis) -,
with the help of the circuit shown in Fig. 1.9 (@) where a constant resistance of g ]
2 Q has been taken When Vis varied from  V to 12 V, the ammeter A shows \ (m[A) (k?l |
I values direct y proportional to V as tabulated in Fig. 1.9 (4). For example, = '

with 12V, /equals 6 A, for 10V, /=5 Aand so on. - p\g 1-.3
12v
1 10 VOLTS OHMS CURRENT

b o 2

L

= 6

|
1
s
@ N~

j SR 2Q 30

NN NN
L
o UV ha WN -

(a) ()
Fig. 1.9

The above relationship can be shown graphically. The voltage values are marked along the
X-axis (also called horizontal axis or abscissa) and current valuesalong Y-axis (also called vertical axis
or ordinate). Since values of V and / depend on each other. they are called variable factors. Between
the two, Vis the independent vaiiable because we assign different values to it and note the resulting
current/.

Generally, independent variable is plotted along the X-axis and dependent variable along

Y-axis. The two scales need not be the same.

The graph shown in Fig. 1.1Qis also known as volt-ampere (V--f) characteristic of R because it

shows how much cuirent the resistor allows for different voltages.
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Resistor

r_-_—

A [

L

Resistors are found on circult-boards of computers.

1.6. Linear Resistor

A linear resistor is one whose valueremains constanti.e., | 1o Constant R =2Q B
it does not depend on applied voltage. The V-I characteristic of T
such a resistor is a straight line similar to the one shown in Mg 1
Fig. 1.10. Obviously, V and / are directly propostional. _ale /
1.7. Non-linear Resistor é 3 r——;,_(

It is that resistor in which V and / are not directly 9 2 [¢e———
proportional to each other. If applied voltage is doubled, the |

resultant current is not

. (| )'4 L i

Bulb exac.tly double of its 0 2 4 6 8 10 12
lament  Previous value. Such a Volts

resistor has nf)njlmear Fig. 1.10

Insulator V-f characteristic. An ;
example 1s tungsten filament in an electzic bulb. Here, R
increases with more current as the filament becomes hotter.
Increasing the applied voltage does produce more current

Metal lip
Resistance of bulb

*On

foft _fiaiment but it does not increase in the same proportion as V.
VW Example 1.1. /r the circuit of Fig. 1.11 {a),find
V:ﬁ{ I ]Swltch () circuit current, I
(5i) voltage of point A with respect to ground

The crcutt in this fiashiight consists of @ (isi) voltage of point B with respect io A

resistor (the filkbment of the light bulb) (¢v) voltage of point B with respect to ground.
connected tca 3 V battery.

L o
Solution. () As perOhm’s law,
I =VR=12/6=2A e ol C
(if) Voltage drop across 6 Q v 6afl — 12v 60
resistor e
=IR=2x6=12V Ce— g L B
Since lower end of the resistor is -,
grounded via point B, potential of point A (a) )

wr.t ground is+12V, Fig. 1.11
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(iii) Potential of point B w.r.t. point Ais—12 V (though itis at 2ero potential w.r.t. ground).

(iv) Since itis electrically connscted to the ground by means of the conductor BC, point Bis at
ground potential i.e., it is at O V.

Example 1.2. In Fig. 1.11 (b), mid-point C of the 6 S resistor has been grounded. Calculate
() potential of point A w.rt. ground

(i) potential of point B w.rt. ground

(iii) p.d. between A and B

(iv) curren: flowing through portion CB and its direction.

Solution. (i) Since R, equals half the total ciicuit resistance. drop across it is also half the
applied voltagei.e., 12/2 =6 V. Hence, potential of point A w.r.t. point C (i.e., ground) is +6 V

(if) Far similar reasons. potential of point B w.rt. point C (i.e., ground) is -6V
(iii) P.D. betweenAand B=6V - (-6 V)=+12V
{(fv) Since, RCB =3Qand V= 6V, !CB =06/3=2A
This current must flow from higher to lower potential. Since point Cis at0 V and Bisat—6V,
current flows along CB.

1.8. Work and Power

Work and energy are the same thing but power is diff erent because it is defined as the rate of
doing work. Suppose, a battety of V volts drives a current of / amperes through a resistance o f R ohms
for ¢ seconds. Then. tota] work done by the battery to maintain this current is

W.D. = VItjoules

= F Rt joules — eliminating V
= V2 ¢ /R joules — eliminating/
= Wrjoules — putting W= V{

Unit of Work

1. The commonly-used unit of work is joule (/) which may be defined in the following two
ways :
(a) 1tis equalto the work done when a force of 1 newton (N) moves a body through a distance
of 1 metre (m) in its direction of application.
or
(b) 1t is equal to the work done when acharge of 1 coulomb (C) is moved between two points
having a potential differenceof { V.
1 joule = 1 metre-newton
= 1 volt-coulomb
2. Another unit often employed in Semiconductor Physics is electron-volt (eV).
It is equal to the amount of work needed to move an electron between two points having a
potential difference of one volt.
Since. there are 6.24 x 10'® electrons in one coulomb
1] =624 x 10!CeV
leV = 1/6.24 x 10'® = 1.6 x 10x'? ]
Power. The electric power requited to maintain this current is

VIt
watts = —— = V/ watts
{ {
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vi, v? I* R
= = watts =

= I’ R watts
Rt R t

The bigger units are :
[ kilowatt (kW) = 1000W = 10° W
] megawatt (MW) = 1,000,000 W = 10°W
Example 1.3. A 100 Q resistor is required to be used in a circuit carrying a current of 0.15 A.
What sheuld be the power rating of the resistor?
Solution. P=PR=0.15x100=225 W

. In order 10 prevent overheating of such a resistor. its povver or wattage rating should be nearly
twice of that calculated above. Hence, a resistor of 5 W power rating would be most suitable.

1.9. Celis in Series and Parallel |

Electric cells may be connected eitherinseries orin parallel
to form batteries. Each of these combinations has a diffierent value
of the total voltage and current-deliverning capacity.

1. Series Connection

In Fig. 1.12, four diy cells each of .5 V have been con-
nected in series i.e.. from end-to-end.

The total voltage is 4 times the voltage of asingle celli.e., 4 x 1.5 =6 V. However, the current-
delivering capacity of the series
combination does not exceed that of the
single cell. Incase, cells of different emf’s
are connected in series, the current
delivering capacity of such a combination
is equal to that of thesinglecell whichhas
the lowest current-delivering capacity.

o 6V o
Fig, 1.12

: Hence, senies combination of cells
In this iashiight. three 1.5 V botteries are placed is emptoyed when higher voltages (non-

in seres to produce a larger voltage. currents) are required.

2. Parallef Connection

Such a combination is used when the purpose R3 QA
1s to obtain more current than is available fromasingle , ] _ ;
unit. As shown in Fig. 1.13, total voltage available !
across output terminals A and B is equal to the volt- { T; LSV i
age of asingle cell. However, output current { is equal
tothe sum of four cell currentsi.e., f=i, + i, + iy +1,. — Pl SB

Normally, only those cells having identical emf’s are

: Flg. 113
connected in parallel. —

Hence. parallel combination of cells is employed, where

QA incceased current (rather than voltage) is the main requirement.

_ﬁ ji’ However, series-parallel combination (Fig. 1.14) is
—45V —45V 45V employed where both bigher voltage and increased current are
required i.e., greater power is required. Such connections are

.[ T - 2 frequently found in many circuits including those in radio and

television receivers.
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CONVENTIONAL PROBLEMS -
1. Find the potential of points (i) C and {if) Din Fig. 1.15if C is located at mid-point of the resistor R.
What is the direction of current fiow through CD ? {8V;-16V; Cto D]
|k {1 |———-
6V 12V
A R R
TMM.MWI— e AAAAAAA O
C B
Fig. 1.15 Fig. 1.16

2. In Fig. 1.16, the grounding point 8 is located at one-thitd of resistance R fiom A. Compute the
potential of point {i) A and (iz) C. What is the p.d. between A and C? What is thc direction of tlow

of conventional current between points A and C ? [@)-4V (i) 48V;12V:Cto A]
3. Find the reading of the milliammeter connected in the cireuit of Fig. 1.17. (0.6 1nA)
MUeR
I Vg
=6V 10K v OV

i—[I
f =

Fig. 1.17 Fig. 1.18
4. Compute the value of resistor R in Fig. 1.18 if power dissipated by it is 9 W, 14 Q]
5. What would be the voltage across points A and Bin seriesparallel combination of Fig. 1. 19 if each cell
has a voltage of 1.5V? 13v]
A ———WWWW——— B

iw

=|
I
|

%
. L
t13 |

Fig. 1.19 Fig. 1.20

L
it

6. Find the magnitude and direction of cuntent in Fig. 120, [2A; from A to B]

7. In the seiies circuit of Fig. 1.21, compute the voltage to chassis ground of points A, C and D. What
isthepd. between A andC ? [#10 V; -10V; -20V; 20 V]
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Fig. 1.21
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=9

l A
) 10 K

B
—=—_30V oK
10K

—4p

Fig. 1.22

8. 1nthe network of Fig. 1.22, compute the potential of points A, 8, Cand ®. Which point isat a higher

potendal : Bor C?

SELF EXAMINATION QUESTIONS

A. Fillin the blanks by most appropiiate word (s)
or numerical values(s).

8.
9.

Chassis ground is assumed to have ..............
potential.

Ohm's law gives relationship between applied
voltage, curent and .......

The resistance of a circuit is equal to voltage
divided by .............

Linear resistor is one whose .......... . Temains
constant.

Tungsten filament of an electric bulb repre-
sents an examples of ........ resistance.

Basic unit of work s ....... and that of power is

llllllllllll

Wattage of a device is given by the product of
Jp— .and ...........

Electron-volt is the unitof ..........

For getting more current, cells should be
connected in ...........

B. Aaswer True or False

1.

In an electronic citcuit, it is immaterial whether
positive ornegative batiezy te sminalis grounded.

The ends of amid-eanhed resi stor have opposite
polarity.
Ground is always atQ V.

In electronic circuits, generally, chassisis heated
as the common ground.

A long and straight wire is called a linear
resistor.

A nondinear resisior is one whose current does
not very linearly with its voltage.

10.

11.

OV, -0V -20V;-30V:B]

If voltage across aresistor is doubled, its power
dissipation is quadrupled.
Electron-volt is the unit of posential.

When afew similar cells ate connected in series,
current is increased proportionately.

Parallel combination of cellsis used when more
current is needed.

Series-Paratlel grouping of cells provided more
power.

C. Multiple Choice Items

1.

2.

In an electronic circuit, common reference point
(@) is always the negative battery terrninal
(b) is always the most positive point

(c) is always the most negative point

(d) may be any point

The term ‘ground’ spoken in connection with
an electronic circuit means

(a) adirectconnection to earth through a wire
(b) acommon connection far all components
(c) ashon ciscuit

(d) negative battery terminal

Fordoubling the cuirent in a circuit of constant
resistance, the applied voltage must be

{a) kept the same (6) doubled
(c) halved (d) quadrupled

Total current drawn from four 1.5 V cells
connected in sentes is 1 ampere. Each cell

supplies......... ampere(s).
(e} 1 (b) 025
(¢) 15 (d) 4



10 = Basic Electronics

S. Elecwon~voltis the unit of {a) 2.5mA b) 2mA
(@) voleage (b) enecgy () 45A @ 6.5 mA.
(c) current (d) power 7. A 100Qresistor is to be used in acircuit carrying
6. The current flowing through the PNP transistor a current of 0.5 A. its power rating should
of Fig. 1.23 is be.... watt.
(@ 50 b) 25
cl ¥ (c) 200 (@ 500
. 8. A linear resistor is defined as a resistor
4V - § (a) whose value is independent of applied
voltage
E » (b) . whose V-I characteristicis a straight line
(c) whose current varies inversely with the
%ﬂg ; applied voltage
9V (d) both (a) and ()
Fig. 1.23
ANSWERS
A. Fill inthe blanks
1. 2cro 2. resistance 3. voltage, 1esistance 4. restswance S. non-linear
6. joule, watt 7. voltage. current 8. energy 9. parallel
B. True or False
1. T 2. T 3.F 4. T S5.F 6. T 7.T 8.F 99F 10.T 1N.T
C. Muitiple Cholce items
1.d 2.b 3.b 4.a S.b 6.a 7.6 8.4



2.1. Series Circuit

‘ ” 7'hcn components in a circuit are connected end-to-
end (Fig. 2.1) sothat all the circuit current passes
through each component, they fonna series circuit.
The three resistors R,, R, and R;are tn series with each other
and the battery. The result 1s only one path for current flow.
Hence, current / is the same in all the three resistors. Due to
this current flow, voltage drops V.. V,. and V, cccur across
R,. R, and R, respectively. Obviously,
Vi=IR,V,=IR,and V,=1R,
The sum of these three voltage diops must equal the
applied voltage

ofr W= VI + Vz-i' V3
+V
R] Rz R, ! t
—AAA WA WA |
{— v, —-040——V2——-+1—V3—- R, v,
i [ | *
\% R |
it -

=
-
<
w

Fig. 2.1

.
—
—
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.
P
———

C

Resistive

o

10.

11,
12.

13.
14.

15,
16.

1B

Aw N —

Circuits

. Ser.es Circuit
. The Case of Zero IR

Drop

. Totdl Power

Series-Aiding and
Serles-Opposing Volt-
ages

Series Voltage Dividers
‘Opens’ in a Series
Circuit

‘Shorts” in a Serles
Circuit

Parallel Circuits

Laws of Parallel Circuits
Spectial Case of Only
Two Branches

Any Branch Resistance
Proportional Current
Formula

‘Opens’ in a Parallel
Circuit

‘Shorts’ in a Paraltel
Circuit

Series-Parallet Circuits
‘Opens’ in Serles-
Paratlel Circuits

‘Shorts” inSerlesParallel
Circuits
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Incidentally. circuit of Fig. 2.1 may be redrawn as shown in Fig. 2.2. In this diagram, the
negative battery terminal has been grounded (even though we could ground the positive terminal as
well).

2.2. Characteristics of a Series Circuit

A seiies resistive network has the following characteristics :
1. Total resistance equals the sitm of all series resistances.
In the Fig. 2.3 are shown a few resistors connected in series across a voltage source.

= { 3 1 3 ‘ l %JT/
. Ry o | %*_Rz - Ré i
|g ] i

0 <
0 <o

R,
: 2R,
v = -
e
(a) (&) © (d)
Fig. 2.3
n Fig. 2.3 (a) R = RI + Rz
In Fig. 2.3 (b) R =R, +R,
In Fig. 2.3 (¢) R=R +R,+ R,
In Fig. 2.3 (d) R=R,+R,+R,

Talking in terms of conductances, we have in Fig. 2.3 (¢)
] ] | ]
+— +

———

G G G G
2. Current through all resistors is the same.
The value of circuit currentis given by

applied voltage V l T
s total resistance R : R'g 3v
3. The sum of individual IR drops equals the T
applied voltage.

As seen from Fig. 2.1, =

V=V, +V,+V, ¥
4. There is a stepped fall in voltage as we go from " R, é 5
one end the battery to the other as shown in Fig. 2.4. !

2.3. The Case of Zero IR Drop Fig. 2.4

[t is obvious that drop “/R’ will be zero when either
1 1s zero or R 1s zero. Now, for copper connecting wires, R is practically zero. Hence, there is no
voltage drop across such interconnecting wires even though they may carry their normal current.

Similarly, there is no /Rdrop when / is zero i.e., when applied voltage has been disconnected
or there is an open in the circuit.

2.4. Polarity of IR Drops

The study of voltage polarities, whether positive or negative, is of extreme importance in
transistor and semiconductor circuits. When voltage drop exists across a resistor, its one end must be
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more positive than the other. Otherwise, without a potential A B
diffesence, no current could flow through the resistance to  *2 — 2~ WW—2" =
produce the /R drop. The polarity of this drop can be —3 V—>m +oC
assoclated with the direction of current flow. [f current enters T
a resistor at point A and goes out from point8, then A must 20V 10V
be at a higher potential than B. In other words, A must be }_
positive with respect to 8. ! e SV—» -oD

[t should be clearly understood that *+' and ‘-* g E
polarities marked in Fig. 2.5 relate to voltage drops across Fig. 2.5

resistors enly. Otherwise, points 8 and C and, similarly. points
D and E cannotbe at different potentials because they are connected by a piece of conductor wire of
Zero resistance.

2.5. Total Power

The power needed to drive cuntent tlirough different resistors appears in the form of heat.
Hence, toml power supplied by the energy source must be equal to the sum of individual powers
dissipated in different resistors.

P=P +P,+ P, elc
2.6. Series-Aiding and Series-Opposing Voltages

In series-aiding combination, the voltage sources (cells or batteries) are connected in series
such that positive terminal of one is joined to the negati:ve terminal of the next. In this case, the total
voltage across the circuit is the sum of all voltages or battery emf’s as shown inFig. 2.6 (a). Here.

voltage applied across AB=6+6=12Vand /= 132 =2 A.

[n series-opposing combination, 1 1

d s . . e e e A i —— A
positive terminal of one voltage source is l
connected to the positive terminal of the other ¢v — RS20 6V — R, 220
source as shown in Fig. 2.6 (&). In this case, '
the net voltage is the difference of the two - [ e
voltages and has the same polarity as the v = R: 24 Q N R, 24Q
laiger of the two voltages. él
For example, in Fig. 2.6 (b), net r——‘-——¢ B f—*‘—“"B
voltage across AB is 12-6 = - 6 V. Hence, & =
I=6/6=1A. (@) Fig. 2.6 (b)
Example. 2.1. In Fig. 2.7, conpute
. total circuit resistance 2. circuit current
3. pd. between A and E 4. potential of point E
5. power supplied by the battery.
Solution. 1. R = R, +R,+ R,=2+3+1=6Q . A D E
2. I=VI/R=1216=2A i
3R, =2+3=5Q pv= Be0 ER
Vi = IR =2%5 3 R,
= [0V 1 Q
8 C
4. V. = 1x2=+2V
— above ground G 4

5. P=VI=12x2=24W Fig. 2.7
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Example. 2.2. In the circuit of Fig. 28, calculate R AV .
1. circuit current ﬂM
2. potentiat of point C J
3. potentiat of point B 100 Q g 60 Q
4. point of lowest potential
5. value of lowest potential, ») cl
Solution. 1. 7=24/160=0.15 A : N
2. being grounded, point Cis at 0 V Eig: o8
3. potential of point B=0.15x60=49V
4. point A has lowest potential i.e., it has maximum negative potential,
5. potential of pointA=-0.15x100=— 15V i.e., 15 V below giound potential.
Example 2.3. With reference 10 the circuit of Fig. 2.9, compute
1. circuit current 2. power supplied by the hwo balteries
3. power dissipated in the two resistors 4. potential of point A and its polarity
5. potential of point B and its polarity.
Solution. 1. Netdriving voltage = 12-6=6V

Total resistance =4+ 8 =12 Q

I =6/12=05 A — from AtoB

2. Power is supplied by 12 V battery only and none by 6 V battery. In fact, 6 V battery
consumes power as explained below.

Power supplied by 12 V batteryis
= 12x05=6W
& P, = PR =052x4=1W
P,= PR,=05"x8=2W
Note.  Itis seen that total power dissipated in the two resisiors is 1 4 2=3 W, But power supplied by the 12V
battery = 6 W. Question is : where has the balance of (6 —3) = 3 W gone? It has been consumed by the 6V

battery. Remember that power is needed to drive cuirent against an opposing voltage. In the present case,
opposing voltage is 6V and current driven is 0.5 A. Hence, power consumed by 6 V battety is £, =6 x 0.5=

3w

So, out of the 6 W input power, 3 W are dissipated by the two resistors and 3 W arc consumed by
the 6 V batiery.

4. Potential of pointAis 12 -6=+ 6V ie., positive with respect to the ground.
5. Potential of pointB=V, -4x 05=6-2=4V positive w.rt. ground.
Alternatively, V; =0.5x8 =+ 4 V w.r.t. point C i.e.. ground.

Example 2.4. For the circuit of Fig. 2.10, find
f. powerdelivered to element A 2. power delivered 1o element B
3. voltage drop across element B.
Solution. 1. P, =4 x5=20mW
2. Now. P=12x5=60mW
Also P=P,+P,
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or 60 =20+ P, A 50A
Y
PB - 40mw 4 Q R' + 4V -
3. Now, V=Vv,+V, i T
—— v
7 12=4+V, - V,=8V o B = 2V 5|8
—

Alternatively, P, = Vp % / 8N =R, o~

or 40 = VB X5 2C |
V, =8V =  Fig. 29 Fig. 2.10

2.7. Proportional Voltage Formula in a Series Circuit

In a series circuit, voltage drop varies directly with resistance. Hence, a simple relation can be
found to calculate individual voltage drops without first finding the circuit current.

In Fig. 2.11(a) is shown a 24 V battery connected

24V
across a series combination of three resistors, R,, R, and = g AV
R,. Fig. 2.‘11 (1:7) shows a more popular way of drawing R, S2K 2K
the same circuit.
Now, totai resistanceR = R, + R, + R, = 12 K. B B
According to Proportional Voltage Formula, 24V_:_ R, S4K 4K
various drops are 1
O
v =VvxB_ooaxZ-o4v 3
' R 12 R.S6K
R 4 3 iﬁ K
:VX—2=24X—=8V D
a R 12 < o =
Ry _ 6 _ (a) (b)

2.8. Series Voltage Dividers

A simple series voltage divider consists of two or more resistors connected in series across a
voltage source, say, a battery. as shown in Fig. 2.12. Current flowing through the resistors gives rise
to voltage drops proportional to their resistances. These voltages can be used for loads needing
voltages less than the battery voltage. In fact, such voltage-divider circuits are used when it is necessary
to obtain different values of voltage from a single energy source. A typical example is when we use a
single power supply V. to provide collector voltage and bias voltage for transistor bias circuit as
shown in Fig.2.13.

Ve
RS : ~ 100 V . ; [ < il
A
1500 % R, _
ali Op
100V —- | LR
506 §R;
| 1 o0V
L C
Fig. 2.12 Fig. 2.13

In Fig. 2.12, two resistors of 150 2 and 50 € are connected in series across a 100 V source.
Voltage drop across R, = 100 x 150v200 = 75 V. Similarly, drop across R, = 100 x 50/200= 25 V. As



16 = 8asic Electronics

seen. pointA is at 100 V whereas potential of point 8= 10075
=25 V. Now, we have achoice of thiee voltages : 100 V,75V and - -
25 V. 1f we want 75 V, the pick off points are4 and B. If we need & &
25 V. it is available between points B and C. Of course, 100 V is
available between points A and C.

Now, take the transistor biasing circuit of Fig. 2.13. Here,
collector voltage required is 9 V but base bias voltage required is

Rl
4 A
3 V. A simple series voltage divider network R, ~ R, is added to R, R‘a Rla !

Bade

supply the two required voltages fiom a single source. As seen,
total voltage across R, - R, is 9 V.Drop across R,=9x 3/9=3 V.
Hence, base B of the transistor is at + 3 V.

Example 2.5. Find the values of different voltages that M_M}—
can be obiained from a 12 V battery with the help of voltage i | 473
dvider circuit of Fig. 2.14. Voltage divider chcult board.

Solution.  R=R,+R,+R, = 4+3+1=8Q
drop across R, = 12x4B8=6V
V= 2-6=6V
drop across R, = 12x38=45V
Vo= Vg—45=6-45=1.5V
drop across R, = 12x1/8=15V

Different load voltages available are :

() Vyg=V, - Vg=6V @@ V,c=12-15=105V
() V,,=12V (V) Vg =6-15=45V
V) V=15V
Hence, there is a choice of five different voltages.
60 mA
é oA ': A
4Q $?R| R,
e °B C
12 s K |
oc R, T 1K
o 3
Fig. 2.14 Fig. 2.15

Example 2.6. In Fig. 2.15, find values of R, and R, if the voliage applied across load resistor
of I K is to be 20 V. The maximum current which the battery can supply is 60 mA,

Solution. Load current /; = 20/1 K=20mA
Current thiough R, = 60- 20=40 mA
Voltage acrossR, = 20V — same as across the load
R,=20/40mA = 500 Q
Drop through R, = 100-20=80V
Current through R, = 60 mA
R =80/60mA = 1333.3Q
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2.9. 'Opens' In a Series Circuit

In a normal series circuit like the one shown in Fig. 2.16 (a), there is a current flow and
voltage drops across different resistors are proportional to their resistances. If the circuit becomes
open anywhere as shown in Fig. 2.16 (&), foltowing two effects would be produced :

1. First, the ‘open’ will R
offer an infinite resistance. Hence, A2A > MM
circuit current will become zero.
Consequently, there would be no
voltage drops across R, and R,. ——

2. Second, whole of the

12v

R Voltmeter
applied volrage would be felt o R |

across the ‘open’. The reason for (a) (&)

this is thatresistances R, and R, - Fig. 2.16

become negligible as compared to
the infinite resistance of the ‘open’ which has practically whole o fthe applied voltage dropped across
it (as per Proportional Volsage Formula).

2.10. ‘Shorts’ In a Serles Circuit Wire clipping
A ‘short’ has practically zero
1esismance. Hence, it causes the problem of l
excessive current which, in tum, causes '| ? a a a %
ower to increase many times and circuit
P b ! B 708 S

components 10 burn out.

'\|
In Flg. 2.t7{a) s presented thenormal Shorted N, Solder splash
series circuit where V=12 V, R =6 Q, Ieads .I 7 3 !!ﬁl- |

[=1216=2A.P=PR=2*x6=24 W, |

In Fig. 2.17 (&), the 3 Qresistance has
been shorted out by a resistanceless copper
wire. Now, total circuit resistance is R=1+ 2+ 0 =3 Q Hence, / = 12/3 =4 A and power increases
1042x3 =48 W.

Fig. 2.17 (c) shows the situation where both 2 Q2 and 3 (2 resistances have been shorted out of
the circuit. In thiscase, R=1Q /=12/1=12 A,P=122x 1= 144 W.

Examples of shorts on a PC board.

A
R.%ln élo 10
B B+ B
V=== R,220 12V — 20 12V = 20
C C
Ry 230 1Q iq
|
~— +# 4
L D D
(a) () ()
Fig. 2.17

Because of this excessive current (6 times the normal value) wires and other circuit components
can become hot enough to ignite and burn. Hence. there should be a fuse which should open if there
is too much current in the circuit,
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-

2.11. Parallel Circuits 1

A parallel circuit is a branched arrangement in which
two or more resistors ate connected side by side across a single )
voltage source as shown in Fig, 2.18. Here. two resistors R, and I
R, are in paraliel with each other and the battery. It is a two-
branched circuit. Parallel connections are also calied multiple

AN ———
e

W\
Ky

»

connections or shunt connections. A very important feature of T TR
parallel circuits, as compared to seties circuits, is that in paraliel Fig. 2.18

circuits different branch loads operate independently of each
other. Hence, if any load s disconnected or tumed off, other branch loads continue to operate.

2.12. Laws of Parallel Circuits

Some of the important features of a parallcl cir-
cuit are as under :

I. Volmge across each branch is the sanie

For example, in Fig. 2.19 (a). voltage across
all the three resistors R,, R, and R, is the same ie..
battery voltage of 12 V. Therefore, parallel circuit
arrangement is used to connect components which re

quire the same voltage. BN L
. : Acar's headiighls are cannected in paralied

= Rec.lprocal m ISMEC formu‘l - Hence eoch headlight s exposed to the tull
Accordingto this formula, the reciprocal of the cotential ditference supplied by the car’s

net or equivalent resistance of the entire circuitequals  electrical system. glving moximum
the sum of the reciprocals of theindividual iesistances. ~ Prightness. One heodiight burns out, the

In Fig. 2.19 (a), if R is the equivalent resis- ' '© ©Ne Wil keep shining.
tance, then

o
i

e
TR RS

Sese -l e

t—t—=- S R=2Q

It means that the three parallel-connected resistors of 4 2, 6 Q2 and 12 Q2 can be replaced by a
single resistor of 2 €2 as shown in Fig. 2.19 (b). Talking in terms of conductances, it means that

G =G,+G,+G,
0 —————0A

-,L,l, Ly i,T

<! < <! R — SR-
= pv RE4Q R 260 RgTzn =12V $R=20
LA_ 3 - < | -I-——-ﬂ———OB

(a) (b)
Fig. 2.19

3. Each branch current is given by V/R
In Fig. 2.19 (a) above, each branch current is given by
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[,):—=—=2A
"R, 6
I:.Y-=2=IA
3T R 12

4. The sum of branch currents is equal to the total current supplied by the battery
As seen from Fig. 2.19 (b) on previous page,

Battery current=12/2 =6 A

Sum of branch cutrrents =3 +2 +1 =6 A

2.13. Special Case of Equal Resistances in all Branches

If resistances in all branches ofa parallel circuit are equal, then combinedresistance equals the
value of one branch resistance divided by the number of branches.
In Fig. 2.20 (a), three equal 60 Qresistances are connected in paralfel across terminals A and

B.The equivalent resistance of the entire circuit = 60v/3 = 20 2 as shown in Fig. 2.20 (&). If there were
four such resistances, then R would have been = 60/4 = 15 Q. If five. then R=60/5=12 Q. In fact, as

we keep adding more branch iesistances, the total resistance keeps on decreasing.
AO- ; | AO

RS 60 Q Rzgié()ﬂ Ry = 60 Q 200

| BC
(a) (h)
Fig. 2.20

It may seem somewhat unusual at first that putting more resistances into a parallel circuit
lowers the total circuit resistance. However, it should become quite clear if one realizes that each
resistor provides an additional current path and thus increases the tota] current. Now, with a constant
voltage. an increase in cutrent can only mean a decrease in circuit resistance.

2.14. Special Case of Only Two Branches

The combined resistance of two unequal resistances connected in parallel (Fig. 2.18) is given

BC

by
] 1 i _R +R,
- ik = -
R R R R, R,
_ KR
"R +R,
It is easier to find combined resistance by the above relation directly instead of using the
reciprocal formula.
Itis seen that combination of two paralle] resistances is equal to their product divided by their

sum. Often, the combined resistance is written in the form

or

R =R IR, e
2.15. Any Branch Resistance | L L
it can be verified that combined or equivalent §2 Q 5009 §|000Q 210,000 ©

resistance of a paraliel circuit is less than the feast ‘ ] i !
amongst them. From example. inFig 2.21, R=211500 g
1110081 10,000 = 1.98 Q. Fig. 2.21
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1t is less than the least of the three resistances ie., 2 Q. In Fig. 2.21,
l | | ] ]
e e + +
R 2 500 1i008 10,000
or R =198 2
It is less than the least branch resistance of 2 £2.

2.16. Propostional Current Formula

It

Curvent is inversely proportional to £V
resistance. Hence, current through each  ,_ I36mA e
branch of a parallel circuit[Fig. 2.22 (a)] can ¢ l A =
be found by setting up an inverse formula like 1§ * 1 L 2 i
the one given below : R 2 3 :

v i E 2K b i K RI 1K R, 8 K
I S R2 . < <
‘ R, +R, |
B
i = Do) ;
- R, + R, % B A8

where /is the total currententeringthe = b x
parallel circuit. (a) &

Consider the parallel combination of Fig. 2.22
two resistors shown connected in two different ways in Fig. 2.22.

{, =6X =4.8 mA; 12=6xi=l.2mA
2+8 2+8

Example 2.7. A 12 V battery of negligible internal resistance is connected across a parallel
combination of 4 K, 6 Kand 12 K resistors as shown in Fig. 223. Compute

I. combined circuit resistance :

2. current supplied by the battery - l I + I
! 2
3. power supplied by the batter ) t
. pplied by ? —l2v %6K 26K S12K
4. power developed by each resistor =5 g
oution. |. & = ¥ T =T = g

R 4 6 12 2 Fig. 2.23

R=2K
2. /, = 12/4K =3mA

l2=1216K=2mA I3=12/12K=lmA

I=l,+L+L,=6mA or /=VR=122=6mA
3. Power supplied by the battety is
P=VI=12x6=72mW
4. P, =l*R=3x4=36mW P,=22x6=24mW
P, =12x12=12mW

2.17. 'Opens’ in a Parallel Circuit

Since an ‘open’ is equivalent to an infinite resistance, there would be no currentin the patt of
the circuit where it accurs. In a parallel circuit, an ‘open’ can occur either in the main line orin any
parallel branch.

As shown in Fig. 2.24 (a), an ‘open’ in the main line prevents flow of current to all branches.
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Hence, none of the three bultbs glows. But full

Open
applied voltage is available across the ‘open’. o—¢ .

In Fig. 224 (b), ‘open‘ has occurred in B, B, B,
branch circuit of bulb B,. Since, thereisnocuirent @ 229 v L?@ L%
in this branch, B, would not glow. However, a
the other two bulbs remain connected across the

I

voltage supply. they would keep operating

normally. B +
. 3 ! Bz E?-
It may be noted that if a voltmeter is @) 5,y
connected across the open bulb, it will read full
supply voltage of 220 V. : .
2.18. ‘shorts' in a Parallel Circuit L 0pen Fitarens
Suppose a ‘short’ is piaced across 1esistor Fig. 224

R, a shown in Fig. 225. It becomes directly
connected across the battery and draws alhnost infinite current because not only its own resistance but

that of the connecting wires AC and BD is negligible. Due to this excessive current. the wires may get
hot enough to bum out unless the circuit is protected

by a fuse. Following points are worth noting : Gy o= 4 —
1. notonlyis R, short-circuited but both R,
and R, ate also shorted out i.e, short across one = ng R:g R, Shon
branch means short across all branches. Circuit
2. there is no current in the shorted resis

tors. If there were three bulbs, they will not glow. .
Fig. 2.25
3. the shorted components are notdamaged. :

Forexample, if we had three bulbs in Fig. 2.25, they would glow again when circuitis restored
to normal condition by removing the short-circuit.

2.19. Series-Parallel Circuits

Series-parallel circuits are used where it is necessary to provide various amounts of current
and voltages with single power supply. Electronic ciicuits are usually of this type becausethey generally
use only one voltage source. In such circuits, some resistors are connected in parallel and then this
parallel combination is connected in series with other resistors as shown in Fig. 2.26.

2.20. Analysing Series-Parallel Circuits

In most of the situations, itis helpful to reduce the given ciicuit 0 an equivalent series circuit,

This can be done by first handling the parallel part of the circuit and then reducing it to an equivalent
single resistance as shown in Fig. 2.26 (c).

& | R, C é ﬂﬁ‘:ﬂk C ;x |
5Q [ 1[2 50 R IR, I
=12V 30 2R, 60§R3 2Q =12V %80
J e ] - J
R D B IQ D
(a) {b) ()

Fig. 2.26
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Fitst step is to find equivalent resistance of R, and R, which is

R, x Ry =3><6=2Q

RR+R, 6+3

The circuit becomes as shown in Fig. 2.26 ().

Second step is to find total resistance by addition.
R=5+2+1=8%

Third step is to calculate total current supplied by the batter'y by using Ohm's law.
I =128=15A

The branch curtent /, and /, and various voltage drops can be found as under :

Ry1R, =

6
Il.—.f R3 =l.5x—=1A
R, + R 9
R-
=] —= =15Xx2=05A
R, + R, 9
(or L =/-1 =1.5-1.0=0.5 A)

Drop across S Q resistor = 1.5x5=7.5V
Drop across R,=3x1 =3V
Drop across R,=6x05 =3V

[tshould be noted that theabove two 3 V drops are not two different voltages but actual'y the
one and the same volmge of 3 V across points C and D is driving both currents /, and /,.

Drop across R, =1.5x 1= 15V
Sum of various drops=7.5 +3 +t.5=12V
This sum equals the battery voltage as it, in fact, should.

2.21. 'Opens’ in Series-Parallel Circuits

As indicated earlier, an “open’ has the effect of introducing infinite resistance in the branch
or leg of the circuit, where it accurs. The effect of an ‘open’ would be explained with the help of
Fig. 2.27.

I i K Als 6K

-I-——’V'\{x-'v --—W'N~———-TC
1 [1 R3
— ov R: 23 K 59
= j Closed 4
+—— 2
(a)

Fig. 2.27

Letus calculate the values of currents and voltages in the circuit of Fig. 227 (g) when it is
working normally with switch S closed. Since R, and R, are in parailel, their combined resistance is
R,1 R,=6x3/(6 + 3) =2 K. This is in seiies with R,. Hence, total resistance of the series-parailel
circuit becomes =1 + 2 = 3 K.

I, =93K=3mA
Branch currents can be found by using the relation given in Art. 2.16.

1, =3xg=2mA
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l3=3x§=lmA
9

Drop across R, =3x1=3V
Dropacross R, =2x3=6V
(same is the drop across R,)
Of course, total voltage drop is equat to the battesy voltage.
Now. let us consider the effect of opening the switch as in Fig. 2.27 (b). First thing to note is
that because of ‘open’ in path CD. R; cannot be considered in parallel with R, In fact. now R, and R,
become in series with the battery. Tieated as a voltage divider,

R, i
=9x—=225V
R+ R, 4

3
Drop actoss R, = 9% s 6.75V

Drop across R, = 9X

Since theie is no current thiough R, its voltage drop is zero. Moreover, point Cin Fig. 2.27(5)
is at the same potential as point A. Consequently. p.d. across the open terminals C and Dis the same
as across points Aand B ie., 675 V.

Another point worth noting is that battery current has decreased from previous value of
3 mA 1o the present value of 9/4 K =225 mA. Similarly, power supplied by the battery decreases
from (9 x 3) =27 mW to (9 x 2.25) = 20.25 mW.

2.22. ‘Shorts’ in Series-Parallel Circuits

As explained earlier, a short-circuit has practically zero resistance. Depending on where it
occurs, it can cbange all the current and voltage values in the circuit. Let us calculate the normal
current and voltage values etc., for the circuit shown in Fig. 2.28 (a).

b 4K A, 6K 4K A 6 K
—>—\WW—0 WA Vieds VAR —
R, ;: R, R R,
L < —nv E| %
R R 23K I 5 %Rz=3 K
Il
44— < &
B B
{a) (b)
Fig. 2.28
Resistance to the 1ight of points A and B is
6 x3 ] R
RoIRy = —5—=2K N PR
. ) 4
total circuit resistance=4 +2 =6 K i
I, = 12/6 K=2mA I,=2x6/9=133mA =V
I, =2%x39=067mA
Drop acrossR, =4x2=8V  DropacrossR,=133x3=4V L o ¢

(same is the drop across R,) Fig. 2.29
Power supplied by the battery = 12 x 2 = 24 mW.

Suppose, now, a short occurs across termninals A and B as shown in Fig. 2.28 (4). 1t not only
shoits out R, but R; as well thereby reducing the given circuit to the series circuit shown in Fig. 2.29.
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Battery current /, = 12/4 K=3 mA
Power supplied by battery=12 x 3 = 36 mW
As seen. the effect of ‘short’ is to increase the vailue of both these quantities.

2.23. Vottage Division in a Complex Series-Parallel Circuit

In Fig. 2.30 is shown a circuit which has many
parallel paths. One can analyse it from any point by
looking at the path or paths to the ground.

1t is seen that
& V6 3 V7
2. V,=V.+V .=V, +V,

3. V,=V,+V, =V, +(Vgt Ve)=V,+(V + v,)
4. V=V +V, =V +(V,+ V)

=V, +(Vy3+ Vst V)=V, +(Vs+ Vs+ Va)
Emmple2.8. Forthecircuitshownin Fig. 2.31, compute
1. resistance of the entire circuit

12VIV

2. current in each resistor

3. voltage drop across each resistor

All resistances are in kilohm.

Solution. 1. Fist, let us simplify parallel circuit CD.

R, = 82=4K
RBCD =6+4=10K b 8K
R,y = 102=5K .
R = Ryg+Ryr + Ry, | P AM—C Dé——
=20+5+5=30K ¢ L 20K L
2 [ = 15/0K=05mA |ApWw—ts PR -—o——l
Since Ryg = Rppe _J__ ;
3 l, = 1,=05/2=025mA — '3V =
- 2 SK
Similarly. /, = /, = 0.25/2 i
= 0.125mA L Z
Current through 5 K resistor Fig. 2.31
= I=05mA e e a O
3. Vg = 20x05 =10V
Vge = 6%0.25 = 1.5V
Vo = 8% 0.125=1V (or=4%x025=1V)
Vare = 10%x0.25 =25V (same as Vi)
Vig = 5x05 =25V

Example 2.9. (@). Find the current and voltage drop across each resistor in Fig. 2.32.
(b) How will these value change if point Dis shorted to ground accidentally ?

Solution. (@) We will first find the combined resistsance of the circuit shown in Fig. 2.32. We
will use laws of series and parallel combination and start from point D upwards to point A, As seen,
there are two 4 K 1esistors in parallel across point C (or D) and ground G.

Reg = 412=2K
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resistance of leg EG = 6+ 2=8K vV

12V
Again, there are two 8 K resistors in parallel
between points B (or £) and ground G.

Ry, = 812=4K

B
| vl%zx

I

F
resistance of leg FG = 4 +2=6K | A >
Now. there are two 6 K resistors in parallel | o
across pointA (or F) and G. L

R, = 6/2=3K |
This 3 K resistor is in seties with the topmost | 6 K gv}

3 K resistor. Hence, combined or equivalent resistance |
of the whole circuit is

R=3+3=6K |
battery curtent, / = 12/6 K=2 mA

This current gets divided into two equal par at
points A because R, = R, =6 K,

L=22K=1mA;,=1mA

Next, 1, gets divided into two equal parts at point 8 for similar reasons as above.
L=12=05mA ;[ =05mA

Finally, /, lets divided into two equal parts at point C.

i, =05/2=025mA

Iy = 025 mA

V]=3x2=6V; V2=6Xl=6V

V3= 2x1=2V

V,;=8x0.5=4V

V,=6x0.5=3V, Ve=4x025=1V, V,=1V

(b) When Dis shorted to ground (Fig. 2.33), C also gets shotted. Hence, R ; becomes zero as
shown in Fig. 2.33. Now, Ry, =8 x 6/14=24/7K

Resistance of leg FG =2 + (24/7) = 38/7K

6x38/7 v
R,.= =2.85K 12V
4G 6 4+ (38/7)

total R =3+2.85=5.85K

{=12 + 585 =2 mA (ap- I,
proximately) AP—>— 'LP
Currents /, and /, can be found by using Pro- V,=2K
portional Current Forrnula (Art. 2.16) Vi * I,
18/7 B
= 2% ———— =095 mA; vg !
6 +38/7 136K v,28K VsS6K
1,=2 -0.95= 105 mA A
Again, there is division of current at point B £ g
1,=l.05xL=0.45mA ol
6+8

I, = 105 -0.45 = 0.6 mA



26 = Basic Electronics

V.=6x06=3.6V, V4=8x0.45=3.6V
V, = 105 x2 =2.1V; V,=6x095=5.7V
V, = Ix2=6V

Example 2.10. A tapped voltage divider is o be connected across a 220 V dc supply to
provide outputs of (@) 15 mA a1 100V and (b) 20 mA a1 160 V. Find 1he resistance of each section of
the divider, its power dissipation and total resistance if the bieeder current passed by the divider is 1o
be 60 mA.

Solution. The divider circutt is shown in Fig. 2.34.
Section R,

I, =25mA. V, =100V, . |
R, = 100v25 x 10-2 =4000 Q I, =60 mA é“! 20mA
P=P R=(25x1032x4,000=25W < K3
oo  P=VI=100x25x%103=25W 2p¥ = sl mh e 160V
A 1S mA
Section RZ - >+ -r
1, =25+15=40mA; V, = 160—- 100=60 V 1, =25 mA 3R, 100V
R, =V, /l,=60/40 x 10~ = 1500 X | - v ¥
P,=V,1,=60x40x 102 =24 W Fig. 2.34
Section R,
I =40+ 20 = 60 mA, V, =220- 160=60 V
Ry=V,/1,=60/60 x 103=1000 Q
P,= V.i; =60 x (60 x 10-3)=3.6 W
Total resistance of the divider
= 4,000 + 1,500 + 1,000 = 6,500
CONVENTIONAL PROBLEMS
I. In the circuit of Fig. 2.35, compute
(¢) circuit currem  (¢¢) value of V,
All resistances are in kilohm. [($) 0.5 mA; (&) 35 V]
2 | 2
1||'Ill'l
— 12V
vV,
|
Fig. 2.35 Fig. 2.36

2. Calculate voliage drops across the three series~connected resistors in Fig. 2.36. All values are in
kilohm. [4 V;6V;2V]

3. In the senes network of Fig. 2.37, compute
(2) circuit current and (if) power supplied by the banesy.

How will these values change if & short is placed, between points A and 8 ? All resistances are in
kilohm. [(¢) 2mA; (@) 60 mW; SmA; 150 mW]
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— $

g % vy %3

D ¢ Vi H'lc

i i
Fig. 2.37 Fig. 2.38

4. [n the citcuit of Fig. 2.28. find
(i) potentials of points A and Band (i) value of V, and its polarity.
All resistance values are in kilohm, [(f) V, =46 V; V, =~ 9 V; (if) 4.5 V with peoint C positive]

5. in the series voltage-divider circuit of Fig. 2.39. rated load current is 2 mA and maximum cutsent
the battery can supply is 10 mA. Calculate the values of tesistances R, and R, and their power

ratings. [500 Q; 80062 ;3 mW; 80 mW]
JomA ., ,
'__MN"'F I 1 aA
| R 02q W, Yl, ;13
I
_— - B¢—¥»— —
12V =— =6V 20 in 260
Load
Ry Dz K
- B
_ _
Fig. 2.39 | Fig. 2.40

6. In the network of Fig. 240, compute
(i) equivalent resistance of the network
(if) values of branch curreats
(tii) current and power suppliedby the bateery
(iv) current and power supplied by the battety if an accidental short occurs across points A and 8.
(D120Q;@) 1, =25A.1,=5B8A,1,=5/6 A; (i) 5A ;30 W; (iv) 30 A, 180 W]

7. In thecircuit of Fig. 3.41. compute the value of citcuit cunient. Whatis the value of the potential of
point A with respectto the negative banery terminal ? How do you acoount for the fact that power
supplied by 12 V battesy is more than the sum of powers dissipated by the three resistors.

1 K [1 mA,8 V]

i Vi T Lll
el 2 X ) .
52’:3 K (\D %6 L L

:[ " J' (0A 6 3
! 4K
YVve A

Fig. 2.41 Fig. 2.42

8. Calculate the various branch currents of tbe circuit shown in Fig. 242. Allresistance values are in
otuns. (4, =10/3A,1, = 20/3 A;4,=20/9 A;1,=409 A]
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SELF EXAMINATION QUESTIONS

A. Fillin the blanks by most appropriiate word (s)
or numerical value(s).

1.

L

Resistors are said to be connected in series when
......... . cuitent passes through each resistor.

A series network of resistors used for providing
different voltages from a single voltage source
is called .......... .

The same ......... . 15 present across all branches
of a parallel circuit.

The total resistance of a parallel circuit is
always .......... than the lowest resistance
connected in any of its branches.

Cells are connected in seties when higber..........
is required.

1f moie current is required, then cells may be
joined in .......... :

When both higher voltage and higher current
are requited. cells may be joined in .......... ;

B. Answer True or False

8.

1f same amount of current passes through each
resistor of a combination, they must be
connected in series.

In a series circuit, the sum of voltage drops
across different components is equal to the
applied battery voltage.

A ‘short’ in a series circuit always results in
grounding of the voltage souice.

‘Open’ in a series circuit always results in
damage to the connected apparatus,

A ‘short’ anywherte in paralle{ circuit leads to
excessi ve power demand on the source of energy
supply.

The combined resistance of a parallel circuit is

somettmes less than the least resistance
connected in the citcuit.

An ‘open’ ina paralle] circuit may or may not
disable all the connected components.

A braach ‘open’ in a parallel circuit does not
disrupt the working of other brancbes.

C. Muttiple Cboice Items

1.

Two resistocs are said to be connected in series
when

(a) both carry the same amount of current

{b) otal current equals the sum of branch
currents

(¢) sum of /R drops equals batieryy emf

(d) they provide only one path for the current
flow

The combined resistance of two equal resistors
connected in parallel i s equal to

(@) 1/2 the resistance of one resistor
() twice the resistance of oneresistor

(¢) the resistance of one resistor divided by
the other

(d) 1/4 the tesistance of one resistor

When two resistances are connected in series,
they have

(@) same resiswance value

() same voltage across them

(c) same curcent passing through them

(d) different resistance values

If, in Fig. 243. voluneter Vmeasures 20 V. then

value of circuit voltage Visabout........... vol.
(@) 40 (b 70
(c) 60 (&) 20

P .3 W

10002 50002 25002

g Y O—

Fig. 243

if, in Fig. 2.44, R, becomes open-circuited, the
reading of the voltmeter will

(a) faltozero () increase slightly
(c) decrease slightly (d) become 200V

R, f?\ R,
AW A
20

30 20

—02 200 Vo—
Fig. 2.44
In Fig. 245, V is an ideal volumeter having
infinite resistance. It will jead .............. .volt.
(@) 40 () 60

¢ O (d 100
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L e
5 é«)n Cv)

Fig. 2.45
The ideal voltmeter V of Fig. 2.46 will

i

- 10V

o T

Fig. 2.46

@ 0 ®) 10
(c) S (d) 100

ANSWERS =

A

Flll in the blanks
1. same 2. voltage divider
6. parallel

True or False

1L.F 2T 3F
Mulitiple Choice ltems

1Ld 2.a J.c

7. series, parallel

4. F 5.T

4.5 5.d

3. voltage

6. F

8'

In a parallel circuit. all components must

(@) bhave samep.d. across them

(6) bavethe same value

(c) carry the same current

(d) beswikched ON or OFF simultaneously

: . .
A paralle] circuit of light bulbs & shown In
above Fig.
4. less S. voltage
7.7 8. T
7.5 8.a



3.1. General

‘ ! re come across many circuits in which various
components are neither in series norin parallel nor

in series-parallel. One exampleis acircuit with two

or more batteries connected in its diff erent branches. Another
is an unbalanced bridge circuit. Here, rules of series and
parallel circuits are inapplicable. Such circuits can be easily

solved with the belp of Kichhoff's laws which are twoinnumber :
1. Kirchhoff’s Cusrrent Law (KCL)
2. Kichhoff’s Voltage Law (K VL)

3.2. Kirchhoff's Current Law

[t states that in any network of conductors, the
algebraic sum of currents meeting ata point (or junction) is
ZeTro,

Putin another way, it simply means that the total current
leaving a junction is equal to the total current entering that
junction.

Fig. 3.1

' i
saiear
a—
—_—
—
o
=
e

L

Kirchhoff's

&L~

o

Laws

General

Kirchhoff's Current Low
Kirchhoff's Vottage Law
Detesmination of
Algebraic Sign
Assumed Direction of
Current Flow
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Explanation

Consider the case of five currents meeting at junction A of the network shown in Fig. 3.1(a). Let
us adopt the following sign convention for detennining the algebraic sign of different currents.

All currents entering the junction would be taken as positive whereas those feaving it wouid
be taken as negative.

According to the above convention, /, and 7, would be taken as positive whereas 1,, {, and I,
would be taken as negative. Using KCL. we have

L+ )+ -R)+1,+ (1) =0 or I -1,-1,+1,-1,=0

/=0 — at a junction

Also, transposing the negative terms to the 1ight-hand side, we get
L+, =L+ 1+
incoming currents = outgoing cuirents
or =1, — ata junction
Similarly, in Fig. 3.1 (b), I; is the emitter currentdirected rowards the base. Thetwo currenss .e.,
base cumrent I, and collector current /. are directed away from the base. Hence, according to KCL

leH(=1)+(=1)=0 or I.—1,—1.=0 or .=l +1]_
3.3. Kirchhoff's Voltage Law

Vi [t states that the algebraic sumof allIR drops and EMF's in
i any closed loop (or mesh) of anetwork is zero.

» or ZIR=2EMF=0 —round a loop

|A While applying the above two laws for circuit calculations,
— | ptenty of errors can occur unless proper algebraic signs are given
- . beth to /R drops and battery EMFs.

ol Gl 3.4. Determination of Algebraic Sign
B

We will follow a very simple sign convention which would

The sumn of the voltage drops  apply equally to /R drops and battery EMFs.

equalks the source voltage. . ; ]
q g A rise (or increase) in

voltage would be considered positive and given a +ve sign and afall
(or decrease) in voltage wouid be considered negative and hence given
a-vesign. Let us see how we will apply this convention () firstly, to
battety EMFs or voltage sources and (i£) secondly, to /R drops across
various branch 1esistors.

(r) Batteny EMF

Whiie going round a loop (in a direction of our own choice) if
we go from the —ve terminal of a battery to its +ve serminal, there is a
rise in potential, hence this EMF should be given +ve sign. If, on the
other hand, we go from its +ve terminal to is —ve terrninal, thereis fall Gus??gzi. 1';'?";'0“
in potential, hence this battery EMF should be given —ve sign. . add

It is important to note that algebraic sign of battery EMF is independent of the direction
of current flow (whether clockwise or anticlockwise) through the branch in which the battery is
connected,

(&) IR drops on resistors

1f we go through aresistor in the same direction as its current. then there is a faf! or decrease
in potential for the simple reason that current always flows from a higher to a lower potential. Hence,
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this /R drop should be taken —ve. However, if we go around the loop in a direction opposite to that of
the current, i.e., if we go upstream. there is a rise in voltage. Hence, this /R drop should be a taken as
positive.

[t is clear from above that algebraic sign of /R drop across a resistor depends on the direction
of current that resistor.

Consider the closed loop ABCDA of Fig. 3.2. Starting from point A if we go around this mesh in
clockwise direction. * then different EMFs and /R drops will bave following values and signs :

IR, is —ve (fallin potential)
LR, is +ve (rise . )
E,is -ve (falt 5 )
IR, is -ve (fall I )
E is +ve (rise " )
I,R,is-ve (fal w o)

Hence, according to KVL,
-IR + IR, -E,—I3R;+ E, - 1,R, =0

or 1R, + 1R, - 1,R,-I,R, =E,-E, or IR, -1,R, +1'3R3 +l'4R¢= E,-E,
3.5. Assumed Direction of Current Flow

[n applying Kirchhoff's laws to electrical or electronic networks, one is often faced with the
tricky question of assuming proper direction of current flow through different branches of the
network. However, the matter is quite simple because one is at full liberty to choose either clockwise
or anticlockwise direction. [f the assumed direction of current does not happen © be the actual
direction, then on solving the question, this current would be found to have minus sign. [f the answer
is positive. then assumed direction is the correct direction of current flow.

Example 3.1. Using Kirchhoff's laws, calculate L, 4 20
the branch currenis in the network of Fig. 3.3. A —p— A L~V C
Solution. As shown in the figure, w e have taken {1, + by [,
currents /, and /, as originating from the positive ke A i (——
terminals of the batteries. However, it is not always «— 12V S8 0
essential to do so because a stronger battery can drive
cunventinto one withloweremf i.e, it can chaigeit. We 1 T 1,
will consider the following two closed loops : IP . E > D
Starting from pointA and going clockwise round
the loop, we have
-47 -8(1,+1,)+ 12 =0 or 31, +21,=3 wed?)
(@) LoopBCDEB
Starting from point B and again going clockwise round the loop, we get
+21, -10+8(/, +1) =0 or 41, +5L =5 ..(i)
Multiplying Eq. (i) by 5 and Eq (i) by 2 and substracting one from the other, we get
157,-81, =15-100r 71,=5 . 1,=8NA

Substituting this value either in Eq. (§) or (i), say. Eq. (i), we bave
3)((5/7)-!-212 =3 or 12=3/7A

We could as well choose 1o go along anticlockwise direction.
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Since these have come out 1o be positive, it means that their assumed directions are the actual
directions.

Current thiough branch 8E =1, + 1, = 7+7= l% A
Example 3.2. In the grounded-emitter transistor Voc=25V
amplifier circuit of Fig. 34, calculate the base current I A
and collector current I .. p s T I .
T .- =
Solution. We will consider two loops : base-current
loop ADBEGA and collector-currentloop ACBEGA. Re é i
LoopADBEGA 29K SRy
As we move down from the positive terminal A of Iy ?
collector supply battery V_.*, T B /,:3’ Vo =5V
(i)we first get / ;R,. It would be taken negative because VBE=0 N~ v
we are moving alongwith the curent i.e., downstream. o i L
(if) then we meet V. which also would be taken -ve . '
because we are going from its positive end to negative end. ezlK
(ifi) Dext, we meet [ R, =(i+I ) R, dropwhich willbe Gi p=(lp +1c)
taken as negative since we again are going downstream. Fig. 3.4

(¢v) finally, we go from ground G (where -v e battery —
terminal is supposed to be connected) to positiive battery terminal A. Hence, battery EMF of
= 25 V would betaken positive.

Applying KVLto the loop, we get
~lgRpg— Vg — IRy + V. =0
or 2991, -0- 1 +19)+25 =0
or 300ig+1, =25 t)

Since resistances are in hilohms, we are taking /, and /. to be in milliamperes so that their
product gives volts (Art. 2.4).

LeopACBEGA
20.~5-1(I,+[)+25 =0  or I +31, =2 i)
Solving for/gand . from Eq. () and (i), we get,
I, =5975/899=6.64mA; 1;,=0.08 mMA=80uA

Vee

CONVENTIONAL PROBLEMS

1. Use Kirchhoff's laws to find the magnitude and direction of current flow through the 10 2

resistor of Fig. 3.5. {1123 A from A to B}
1202 8 Q2
Y SRR WYYy Y — c Pire A A 4,t,.‘2__,o
L
4

20
$wn = 12v 220 ]
B

Fig‘ ?'5 Figo 3.6

Please remember that in an NPN transistor, base is positive w.r.t. emitter (Azt. §8.2).
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2. With the help of Kirchhoff’s laws, calculate the magnitude and direction of current flowing

through branches AC, AB and AD of the circuit shown in Fig. 3 6.
What would be the potentials of points A, C. D and £ if point B is grounded?

[, =27119 As I, = 6019 A; I, = 21/19 A;

V,==1U19V; V, ==12V; V, =46 V; V, = +72/19 V)

SELF EXAMINATION QUESTIONS

A. Fill in the blanks with most appropriate

L.

2,

9;

word (s) or numerical value (s).

The two Kirchhoft's laws are : currentlaw and

According to KCL,inany netwotk, the ...........
sum of cuirents meeting at a junction is zero.
Generalty, currents entering a junction in a
network are taken as ........ a thoseleaving it as
According to KVL, algebraic sum of all 7R drops
and EMFs in any closed loop in a network is
Generally, rise in voltage is considered ...............
whereas fall is taken as .............. :

The algebraic sign of IR drop depends on the
........... of current flow through the connected
resistor.

B. Answer True or False

2.

4.

In a circuit, the sum of all EMFs around a mesh
or aclosed loop must always equal 210,
Ksrchhoft's laws are true for all electronic
circuits.

Input currents at a junction in a network of
conductors equal the output cuirents at that
junction.

While applying Kirchhoff's laws to netwoaks,
one is at full liberty to assume the directions of
flow of various branch currenss.

C. Multiple Choice Items

(a) total sum of currents meeting at the
junction is ze10
(b) nocurrentcan leave the junction without
some cuiTent entering it
ANSWERS
A. Fill In the blanks
1. voltage 2. algebraic 3. positive, negative
B. True or Faise
1. F 2¢ T T 4. T
C. Multiple Choice items
1. d 2.d 3.a 4 b S ¢ 6.

According to KCL as applied to a junctionin a
netwotk of conductors

4. zero S. positive, negative

d

(¢) net current flow at the junction is positive

(d) algebraic sum of the currents meeting at
the junction is zero

Kirchhoft's voltage law is concemed with

(@) IR drops

(b) battery EMFs

(c) junction voltages

(d) both (a) and (b)

According to KVL, the algebraic sum of all IR

drops and EMFs in any closed loop of a

network is always

(@) zero

(&) positive

{c) negative

(d) greater than unity

According to the commonjy-used sign

convention for voltages

(a) afall in voltage is consideied positive

(&) arisein voltageis comsidered positive

() IRdiop is taken as negative

(d) Dbattery EMFs are taken as positive

The algebraic sign of an fR drop is primarily

dependent upon the

(@) amount of current fiowing through it

(b) valueof R

(¢) directionof current flowing through it

(d) battety connection

White applying Kiichbof’s laws to electronic

circuits. assumed direction of current flow must

be

(a) clockwise

(b) from lefl W aight

(¢) anticlockwise

(d) either(a)or(b)

6. diection



4.1. General

s we know, a network is justa combination of various
A:)‘mponems such as resistors etc., inteiconnected in
soits of manner. Most of these networks cannot
be solved merely by applying laws of series and parallel
circuits, Of course, Kirchhoff’s laws can always be used. But
often it makes the solution quite long and laborious. Hence,
various network theorems have been developed which provide
very shortand time-saving methods to solve these complicated
circuits. The reason is that such theorems enable us toconvert
the given complicated network into a much simpler one which
can then bc easily solved by only applying the rules of series
and parallel circuits. We will discuss the following network
theorems which find wide application in electronic and
transmission circuits :

1. Superposition Theorem

2. Thevenin's Theorem

3. Noiton’s Theorem

4. Maximum Power Transfer Theorem

Though we will consider only dc networks in this
chapter, these theorems a1e applicable to ac networks as well.

4.2. Superposition Theorem

According to this theorem, if there are a number of
voltage or current sources acting simultaneously in a network,

Network
Theorems

1. General
2. Superposition Theorem

3. Ideal Constant-Votage
Source

4. Ideal Constant-Current
Source

5. Thevenin’s Theorem

6. How to Thevenize aQ
Circuit ?

7. Norton's Theorem

8 How to Nortonise a
Glven Circulit

Q. Maximum Power
Transfer Theorem
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then each source can be tieated as if it acts independently of the others.

Hence, we can calculate the effect of one source at a time and then superimpose i.e., algebraically
add the results of al] the other sources.

Following steps are taken while applying thts theorem to the solution of networks which con-
tain more than one voltage or current source :

1. First, all sources except the one under consideration are removed. While removing these
voltage sources, their internal resistances (if any) are left behind. While removing current sources,
they are replaced by an open circuit since their internal resistance (by definition) is infinite (Ast. 4.4).

2. Next, currents in various resistors and their voltage drops due 1o this single source are
calculated.

3. This process is repeated for other sources taken one at a ime.

4. Finally, algebraic sum of currents and voltage drops over a resistor due to different sources
is taken. It gives the actual value of current and voltage drop in that resistor or component.

Example 4.1. Using Superposition theorem, calculate current in each branch of the network
shown in Fig. 4.1 (a).

Solution. We will find two sets of branch currents : one when 6 V battery is not there and the
other, when 12 V battery is not there. 1 et the different branch currents be /., £, and [ as shown in Fig
4.1 (a). In Fig. 4.1 (b), 6 V battery has been removed and then replaced by short circuit (since its
internal resistance is zero). Various branch currents are as under :

Rgp=414=2Q. Hence, total circuit resistance is= 6+ 2 = 8 Q. Therefore, /," = 12/8 1.5A.
At point B, this current divides equally into two pars.

' =075Aand 1,’=0.75 A

In Fig. 4.2 () 12 V battery has been removed and replaced by short circuit (since its internal
resistance is zero).

L  eq a0 L

_ [ 6 I’ 4
Ap—w—B —wvir—e— € Ao am-—B o apa—C
& or
. |
12V = §4Q 6V —/ ::___ 12V 4
D D

(a) Fig. 4.1 &)

Here. Ry, =614 =2.4 Q, total resistance, R =4 + 2.4 = 6.4 Q. Hence, L, =6/6.4 = 094 A.
This current divides at point B in the inverse ratio of the resistances of the two parallel paths.

II" =094 x4/10 =0.38 A; 1"=094 x6/10=056 A
6 Kk 4 I I,
A MM —& 8 VWA |C A .l JV\_?V" B "- V\:f‘vk b
f!* 'hi' LI2A 10.19A
1.31 A TI:I
34 6V =/  -=-1n2v 34 6V T
D D
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If we combine the results of Fig. 4.1 (b) and 4.2 (a), we get.
[, =01'"-1'"=15-038=112A
L,=0,-1,=094-0.75=0.19 A

I=1'+1"=0.75+056=131A

Actual currenss are shown in Fig. 4.2 (b).

Example 4.2. The circuit of Fig. 4.3 (a) is excited by two voltage sources of zero intemal
resistances. Use Superposition Principle to find current flowing through the common resistance R ,

and voltage drop across it.

Solution. Of course, it is understood in Fig. 4.3 (a) that negative terminal of each voltage

source is grounded.

20V
Vi

36V

We will first replace V, V,

by short-circuit and then V,.

R, R, 240

V, short-circuited 40

When v, ts shorted.
circuit becomes as shown in
Fig. 4.3 (b) which further
simplifies to that shown in
Fig. 4.3 (¢).

A 20/(6 +4)=2A

Vea= 6%x2=12V

v, short-circuited

Now, when source V,
is shorted out leaving behind only V,, the circuit
becomes as shown in Fig. 4.4 (a) which further
reduces to that shown in Fig. 4.4 (b).
I, =36/15=24A; Vo, =3%x2.4=7.2V
Drop across R; due to both sources V, and V,
=12+72=19.2V

19.2
Current through R; = S 1.6 A

R,y

el

{a)

4.3. |ldeal Constant-Voltage Source

[tis that voltage source or generator whose output
voltage remains absolutely constant whatever the change
in load curr ent. Such a voltage source must possess zero

120 -

3%* - R,
(b)

0V
vI
R, =4

k-4

—

20V
v
f

R, =4

L
+

12
v b
R-ﬂ-% R,‘ = Rz " R3

T

{c)
Fig. 43
VY Y, VoV,
1, L,
R,< |12 R, 312
[ 1
*|Rs =R, IR,
'R %4 R % 12
I : 3 Vgs

{a)

|

Fig. 44

intermal resistance so that internal voltage drop in the source is zero. In that case, output voltage

A
i i '
: |M§
Vo R
4 o
B
Fig. 4.5
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provided by thesource would remain constarit irrespective of the aneunt of current drawn from it. In
practice, none such ideal constant-voltage source can be obtained. However, smaller the internal
resistance r of a voltage source, closer it comes to an ideal source described above.

Suppose, a 6 V battery has an internal resistance of 0.005 Q (Fig. 4.5). When it supplies no
current i.e., itis on no-load. V;= 6V i.e., output vohage provided by it at its output terminals A and
Bis6 V. If load current increases to 100 A. internal drop = 100 x 0.005 = 0.5 V. Hence, V,=6—-0.5
=55V,

Obviously, an output voltage of 5.5 — 6 V can be considered constant as compared to wide
variation in load current from 0 A to 100 A.

4.4. ldeal Constant-Current Source

It is that voltage source whose internal resistance is infinity. In practice. it is approached by a
source which possesses very high resistance as compared to that of the external load resismnce. As
shown in Fig. 4.6, let the 6 V batlery have an internal resistance of | M€ and let load resistance vary
from 20 K to 200 K. The current supplied by the source varies from 6/1.02=5.9 HAto6/1.2=5 A,
As seen, even when load resistance increases 10 times, current decreases by 0.9 UA. Hence. the
source can be considered. for all practical
purposes, to be a constantcurrent source. Network ' —_rA

|
4.5. Thevenin's Theorem —oA % R
=

This theorem is very useful when —L—v
z —0CB th
we desire to know the amount of power,
current or voltage drop in a particular Box
component of a given circuit. With the hetp @ )
of this theorem, anotmally complex citcuit Fig. 4.7
can be simplified to a serfes circuit®
consisting of

< B

(f) an ideal voltage source and
{it) a resistance connected in series with it.

In Fig. 4.7 (a), imagine that the block
= _ ———— contains a network connected toits termninals A and
{ e T i B. According to this theorem, the entire network

” ot

I | —ij

connected to A and 8 can be replaced by a single
voltage source V,, connected in series with a single
resistance R,, across the same terminals.

V,, is actually the open-circuit voltage (V)
existing across terminals A and B and R, is the
resistance of the network as looked into or viewed
back from the same terminals with all sources
removed leaving behind their internal resistance if
any. Actnally, an ohmmeterconnected across A and

B would read this resistance.

4.6. How fo Thevenize a Circuit ?

Suppose we are asked to find current through the 15 €2 load resistor in Fig. 5.8 by a using
Thevenin’s theorem. The procedure for Thevenizing this circuit would be as follows :

1. First Step. Bisconnect the 15 € resistor from terminals A and 8 (incidemally, don’t throw
it away, we will need it again towards the end !).

Nor.on's theowern reduces il to a panillel circuil (Agt. 57).
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2. Second Step. With

load terninals A and B open, al Ev&f o A d ,,2 J& C _A

calculate the open-circuit R, ‘ R, ‘ T

voltage (V_) between them

by any cono\jenient method. 214 g:: R, E\“ 12Q §l|~5 a T 21th R, g 120 or"::h
In the present case, V__ ' =

is equal to the voltage drop | ‘ l

across 12 Q resistor because . G b * @ P B

point.A 1S a.t the same Fig. 4.8
potential as point C.

Veo = Vag=Voc=1R,
Now, 1 =241 +3+12)=15A
: Vee = 1.5x12=18V
Itis also called Thevenin voltage V.

3. Third Step. Now, temove the 24 V battery leaving behind its intermal resistance of I Q as
shown in Fig. 4.9 (a).

! 1Q A | A
When looked into from WV = — o
open-circuit terminals A and =l ~Ry=3 2
B, the circuit consists of two : . é p R
parallel paths : one having a LQ 12 - 150
resistance of 12 Q and the = V=18V
other of (3+ 1) =4 Q. Hence, - - %
equivalent resistance of the @ . gﬁmﬂﬂ'ﬁ (b) B
network when viewed back Fiv. 49
from these two tenninals is A
_12x4
T (12 +4)

It is also called Thevenin resistance R,

Consequently, as seen from points A and B8, the given network can be reduced to a single
voltage source (called Thevenin's source) of 18 V whose internal resistance R, equals 3 €2
[Fig. 4.9 (b)].

4. Fourth step. Finally, connect back the load resistor to the terminals A and B thereby giving
a simple series circuit shown in Fig. 4.9 (b). Finding current [ through R, should be no problem now.

I = 18/3+15)=1A

Example 4.3. Apply Thevenin's theorem to find current through the 12 Q resistor of the
circuit shown in Fig. 4.10 (a).

Solution. In Fig. 4.10 (&), point A is at the same potential as point C since there is no cumrent
through the 4 Q resistor and hence no drop across it.

VM L Vco=fx6
Now { = 36/3+6)=4 A
Vm =4x6=24V

Since, 36 V battery has no internal resistance, it has been replaced by a short-circuit in
Fig. 4 11 (a).
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3 4 P 3 4 A
e e A A -—Aw\.—crw\.v—T
— 36V 6% 12 =36V 65‘ Vi,
s
D B D 8
(a) b)
Fig. 4.10
6x%3
R!h = 4+ =
{6 + 3)

Having found the Thevenin's source, the 12 Q resistor is connected back in series with this
source as shown in Fig. 4.11 (b). Current flowing through it is

3l C 4 A | A
—WW———WA\—o0 | » -0—
%6 -.
6§ +— R, s 212
D B - A
(@) (b)
Fig. 4.11
I =24/(12 +6)=133 A — from A1oB
Example 4.4. Using Thevenin’s theorem, calculate the current through the 4 K resistor of

Fig. 4.12 (a).

Solution. [f we remove 4 K resistor, circuit becomes as shown in Fig. 4.12 (b). As seen. full
current of {0 mA passes through 2 K resistor producing a drop of {0 x2 =20 V. Hence, V; =20 V.
w.r.t. ground. Now, [2 V battery is connecled in series with two resistois 3 K and 6 K which form a
voltage divider circuit.

V, = drop across 6 Kresistor*

= 12x6/(6+3)=+8V  — w.rt ground
p.d. between points A and B is
V, = 20-8=12V — with B at a higher potential
— AW — Vg - - be -
2K 2 ©) LA T 2K 2
10 mA 1O mA

[ -—

E

| (a) (&)

i Fig. 4.12

*rV, = 12 —drop across 3 K resistor.
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Now, we will find R, i.e. resistance of the network as looked back into the open-circuited
terininals A and B. For this pupose, we will replace both the volmge and cusrent sources. Since
voltage source has no internal resistance. it would be replaced by a short-circuit i.e., zero resistance.
However, current source would be removed and replaced by an infinite resistance ‘/.e., an ‘open’
(Art. 4.4). In that case, the circuit becomes as shown in Fig. 4.13 (a).

3 A _ R

B Ry
\v‘f__l . \"r"" \‘*/E
6 2 % Infinit
] i N :

" 1 82

(@) (4)

Fig. 4.13
As seen from Fig. 4.13 and Fig. 4.14 (a), the valueof R, =2+2=4 Q.
Hence, Thevenin source has a voltage of 12 V A B I B
and an internal resistance of 4 Q as shown in re— Ry, —>¢ - T
Fig. 4.14 (b). ; L 4§ L
I =12/4+4)=15A 3 2 T | 42
—I12V
=
4.7. Notton's Theorem | J
This theorem is used where itis easier to simplify : 9 7 , 2
a network in terms of currents instead of voltage, This (: : )
theorem 1educes a normally complicated network to a Fig. 4.1
simple parallel circuit consisting of
(a) anideal current source /,, of infinite internal resistance and
(b) ar1esistance R, (orconductance G, = I/R,) in parallel with itas shown in Fig. 4.15.
Here, I, is the current which Network — 0%
would flow through a short circuit A g
placed across ®emminals A and B. R, A '2'56\ 3 égﬂ
is the circuit resistance looking back . &
from the open A-B terminals. These B
terminals are not shont-circuited for - .
finding R, but are "open’ as for cal- (a) . (b)
culating R,, for Thevenin's Theorem*. Fig 4.15

4.8. How to Nortonise a Given Circuit

Suppose we want to Nortonise the circuit shown in
Fig. 4.16 (a) i.e., we want to find Norton's equivalent of this cir-
cuit between tertninals A and 8.

The diff erent steps are as under :

[. First Step. Put a short across terminals A and 8
[Fig. 4.16 (b)}. As seen, itresults in shorting out 12 € resistor as

* In fact, this esistance ts the sarwe both for Thevemu and Nerton equivalent circuiss. In Norion's case. thiz resistor is
in parallel with the cucrent source whereas in Thevenin's case, it is in series with V,, (An. 4.6).
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shown separately in Fig. 4.16 (c).
; Io= 244=6A

This current is usually called Norton current /,,.

2. Second Step. Remove the short from terminals A and 8 so that they are again open.

3. Third Step. Remove the battery and replace it by its internal resistance which, in the
present case, is zero. The resistance Ry, of the circuit as viewed back or locked into from open
tertninals A and B is4

4 4
—WA—1———0A  — W\ v—»—CA — AW —
. T
T AV %%20 <24V §l2 l g =25V l
; ©B ——0OBg B
(@) (b) ©
Fig. 4.16
R, =12114=3Q 3
Hence. Norton's equivalent of the ——¥WW— oA . —oA
given circuit in Fig. 4.16 (a) becomes thal
shown in Fig. 4.17 (b). It consistsofa 6 A 12 4—R
N 36
constant-current source (of infinite resis- g CD GA
tance) in paralle] with a 3 € resistance.
‘ —o B L —o0 B

Example 4.5. Using Norton's
theorem, calculate the current flowing (a) . ®)
through the 12 QQ resistor in Fig. 4.18 {a). B e

Solution. It is the same circuit as shown in Fig 4.10 (@) and solved earlier with the help of
Thevenin's theorem (Example 4.3). When applying Norton's theorem, the procedure would be as
under :

1. First Step. Remove 12 Q resistor from terminals A and B and then put a short-circuit across
them as shown in Fig. 4.18 (b).

The current passing through 4 2 3 4 3 lec 4

> currentpassing through4 2 3 ¢ 4 o4 L WSS oA
resistor i1s also the short-circuit
current /. (also written as /).

. . o p)- Seagte 6 [S'El
lfor fmdl.ng this current. we have — 36v 6 12§ =36V -
first to find 7 by simplif ying the
circuit. As seen, total circuit | | - - $p

. D D
resistance
=@ nri=314 % Fig. 4.18 i2)

=5.4Q2
I =36/54=20/3 A
This current divides at point C into two unequal parts.

20 6
Isc = 3 X 0 4 A
2. Second Step. Remove the short circuit, thereby leaving temiinals A and B open. Alsore
move the battery. Since its internal resistance is zero, it is replaced by a resistanceless piece of con
necting wire thereby closing the circuit {Fig. 4.19 (a)]. The resistance R, of the circuitas viewed from

terminals A and B is
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=4+613=6Q PN ATeRIRA : R
Hence, the Norton's 3 ¢ 4 i ——
. . ——WA———W——o A i , v
equivalent of the given T .
circuit is as shown in (8 |
3 - @)  saz | 120
Fig. 4.19 (b). Load current 6= LEmEL. i C § |
I, through 12 Q resistor ; -
can be found by using the s —- B e omagn o= © B
Proportional  Current - Mol ‘q"'m(;';‘
a
Formula (Art. 2.16). Fig. 4.19
ly = 4x - —=133 A — from A and B.
6 +12)

It is the same value as found in Example 4.3 earlier.

Example 4.6. 7he circuit of Fig. 4.20 {(a) is excited by a voltage source and a current source.
Using Norton's theorem, calculate current through the 6 Q resistor.

Solution. [o Fig. 420 (), 6 Q resistor has been removed and a short placed across terminals
A and 8. Short-circuit current /g (or/,) is

= current from voltage source + current of current-source.

= @+12=15A
20
20 A 20 A 12A
AR, o— A ——
b B 5 12 A
=V 63 53 CD =V I{ 2 (D)
sC
0 =
8 B
(a) (b)

Fig. 4.20

1t should be noted that short across AB also shorts out 5 Qresistor. Hence, all the 12 A current
passes through short-circuit and none through 4 €2 resistor.

In Fig. 4.2]1 (a), 'short’ has been

removed leaving terminals A and B open. ’i(':m ool A
Voltage source has been replaced by a TA
connecting wire of zero resistance (since its 5 4
internal resistanceis zero). Current source has " §5 30 7 g
been replaced by an 'open’ sinceit hasinfnite T LA
resistance. B:\ e

When looked into the circuit from @ () (c)
terminals A and B, there are two parallel paths Fig. 4.21

between points A and B having resistances of
20 Q) and 5 Q. Their combined resistance, as
seen from Fig. 4.21 (c) 1s =201l 5 = 4 Q). Hence, Ry=4%1.

The Norton’s equivalent of the original circuit with respect to terminals A and B is shown in
Fig. 422. The 6 £ resistance has been connected back to the teiminals A and B (from where it was
removed earlier).

I, =15 x4/(6 +4)=6A
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4.9. Maximum Power Transfer Theorem A

This theorem is very useful for analysing electronic and ¥ t v

communication networks where main consideration is to transfer
maximum power to the @ o > 26

load irrespective of the
efficiency. Its application
to power transmission ;
and distribution net- Fg 4.2
works is limited because in their case, the goal is high
efficiency and notmaximum power transfer.

oL

When applied to dc networks, this theorem states
that a resistive load will abstract maximum power from
a network when its resistance equals the resistance of
the network as viewed from the output terminals with all
voltage and current sources removed leaving behind their
internal resistances if any.

Example 4.7. In the circuit of Fig. 4.23. find the value of toad resistance R, to be connected
across terminals A and B which would abstract maximum power firom the circuit. Also find the value
of this maximum power.

Solution. As seen, resistance of the network as viewed back from terminals A and B (with
battery removed) is

=4+6l13=6%2 3 4 A 1 3 4 A

Hence. R, should be e i L TR e I
equal to 6 2. s '
= 6

BV
Let us now find power -[- 36V ' 1

developed in R, for which
purpose we have to find /, .

In Fig. 423 (b), ta) ()

Total circuit resis- Fig. 4.23
tance =3+6I110

= 274 Q
{ =3+214=16/3 A
I, = {5 X § =2A
3 (6+10)
Max. power possible in load resistance R, =22 x6 =24 W
[tcan be verified that if we bave any other value of R,, power drawn will be less than 24W.

CONVENTIONAL PROBLEMS =

1. Use Superpositon Principle to Hnd current through 12 Q2 sesistor of Fig. 424. All resistance values
are in ohms. (321 A]

|
|

MHA,
(o}
M
O

5

YWr

[ VL
2
3 3K .
T ﬁgl 12 ; 6K= C) 6 mA
—[. —|.
Fig. 4.24 Fig. 4.25
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2. Using Superposition Theotem, calculate the cumrent fiowing through 6 K resistor of the circuit

shown in Fig. 4.25.

3. Make use of Thevenin’s theoiem to find curient in the 12 2 resistor of Fig. 4.26.

4 2
WY, l Wy

=12V

%lZ 6v—1_—

|

Fig. 4.26

4. In the circuit of Fig. 4.27. use Thevenin’s theorem to find the magnitude and direction of flow of

current through 2 £ resistor.

[0.75 A from A to 8]

5. For the circuit of Fig. 425, find Norton’s equivalent and
bence find circuit through the 6 K resistor.

{fy=9mA, R, =30,3mA]

i3 mA]
{06 A]
3 B 2 A <
AW Vv
=9V 26 élZ 16V
1
MW
Fig. 4.27
6 2 A

316V T3 =R,
6. What is the Norton equivalent for the circuit shown in
Fig. 426 ? Use it to find current flowing through 12 2
resistor. (1, =6 mA, R, =430 06 A] B
Fig. 4.28

7. Accosding to Maximum Power Transfer Theotiem, what

should be the value of load resistance RL to abstract maxi-
mum power from the L6 V battery shown in Fig. 4.28 ? Whatis the value of this power ?

SELF EXAMINATION QUESTIONS

A. Fillinthe blanks with most appropiiate word(s)
or numerical value (s).

L

While using Superpasition Theorem, all volt-
age sources except one areremovedleaving be-
hind their.. .....o.... 1esistances if any.

An ideal constant-voltage source has ................
resistance.

An ideal constant<cunent source has ............... '
resiseance.

According to Thevenin's theorem, any network
with two open terminals can be replaced by a
single voltage seurce V in ...............cce.. . with
a single resistance R, ,.

While finding R,, all voltage sources are re-
moved but not their .............. . resistances.

Norton’s equivalent of a circuit consists of a
constant-current source and a resistance in
N with it.

A load draws maxsmum power from a circuit
when its resistance ................ the circuit
resistance when viewed back from output
terminals.

B. Answer True or False

1.
2,

V, is an open-circuit voltage.
i, is an open-circuit current.

L

(40, 16/9 W]

Superposition principle treats each voltage
source as if :tacts independently of others ina
Circuit,

A constant-voltage source has infinite
resistance,

A constantcurrent source has zero iesistance.

6. Rﬁ is the same as RN

C. Multlple Choice Items

L

According to Superposition theorem as applied
to circuits excited by more than one voltage
source

(@) current is contributed by cach source

(») all voltage sources sends their currents in
the same direction

(c) cunentin any ressstor equals the algebraic
sum of custents which each souice would
send if acting alone

(d) algebraic sum of voltage drops equals the
sum of total applied voltage

Superposition theolem can be applied only to

cicuit having ................. elements.
(a) nomlinear (b) passive

(c) linearbilateral (d) resistive
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3. The Superposition theotem is essentially based

on the concept of
(@) duality
(c) reciprocity

(b)
(d)

While Thevenizing a circuit between two
tenninals, V,, equals

linearity
non-lincarity

(@) shost—citcuit tenninal voltage

(b) open-crcuit tenninal voltage

{c) EMF of the batiery nearest to the
terminals

()} net voltage available in the circuit

Thevenin resistance R ; is found

(a) between any two ‘open’ tenninals

(b)

by short-circuiting the given two
terminals

(c) by removing voltage sources along with
their intemal resistances

(d) between same open terminals as for V,,
Noiton’s equivaient of a circuit consists of a

(@) constant-current source with a

conductance in parallel

(b) constantcurrent source in series with an
infinite resistance

(¢) constant-voltage source in parallel with a
high resistance

(d)

single curtent soiurce and asingle voitage
source

ANSWERS

A

Fil in the blanks

2. zero
7. equals

1. intemal

6. parallel
True or False
1. ¥ 2uE T
Multipte Choice items
p 3.b

4.F S5.F

l.c 4. b 5.4

8.

10.

3. infinite

6. T

While calculating R, constant-current sources

in the circuit aie

(a) replacedby ‘opens’

(b) replaced by ‘shorts’

(c) treated in parallel with other voltage
sources

(d) converted into equivalent voltage sources

The Norton equivalent of a circuit consists of a

2 A curent source in parallet with a 4 Q resistox.

Thevenin equivalent of this circuitis a ..........

volt source in seties with a 4 Q resistor.

(@) 2 (b)) 0.5

) 6 d 8

1f two identical 3 A, 4 Q Norton cquivalent

circuits are connected in parallel with like

polarity to like, the combined Norton

equivalent circuit is

(@ 6A,4Q () 6 A2Q

c) 3A.2Q {(d) 6A.8Q

For abstracting maximum power from any two

given terminals of a circuit, the load resistance

across the tenninals should be

(a) four times the internal resistance of the
network

(b) equal tothe arcuit resistance when viewed
back from the two terminals

(¢) lessthan the circuit resistance

(d) greater than the circuit resistance.

4. senes S. intemal

8.d 9.d 105



5.1. General

ndividual components which make up an elecwonic cir
cuit are called elements or parameters. Most commonly-
used elements in such circuits are :

1. resistors 2. inductors 3. capacitors

In resistors, current is directly proportional to the
applied voltage. In inductors, voltage required is directly
proportional to the rate of change of current whereas
capacitors require cuzrrent which is direci!y proportional to
the rate of change of volrage.

5.2. Resistors

A resistor is an electrical component with a known
specified value of resistance. Itis probably the most common
component in all kinds of electronic equipment ranging from
a small radio to a
colour television
receiver. As its
name suggests, a
resistor resisis or
opposes the flow
of current through
it. Resistance is
necessary for any
circuit to do
useful work. In

R

-

{

Passive Circuit

Elements

CoONOOA N -

Resistors
Wire-Wound Resistors
Carbon Composition
Resistors

Carbon Film Resistors
Cermet Film Resistors
Metal Fllm Resistors
Variable Resistors
Fusible Resistors
Resistor Colour Code
Inductor

. Variable Inductors
. iInductors in Series
. Energy Stored In @

Magnetic Held

. Capacitors
. Capacitor Connected

to a Battery

. Capacitance

. Variable Capacitors
. Lteakage Resistance
. Capacitors in Series
. iwo Capacitors in

Series

. Capacitors in Parallel
. Energy Stored in @

Capacitor
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fact, without resistance, every circuit would be a shori circuit !
Some of the common uses of resistors are :
1. to eswablish proper values of circuit voltages due to /R drops
2. to limit curvent and
3. to provide load

The two main characteristics of a resistor are its resistance and power rating, Resistors can be
connected in the circuit in either direction because they have no ‘polarity’.

5.3. Resistor Types

Resistors are mainly of two types and can be either of fixed or variable value.
1. wire-wound resistors
2. carbon resistors
(a) carbon-composition type
(b) carbon-filintype
(c) cermet-filin type
Another type is called metal thin-filin resistor.

S.4. Wire-Wound Resistors

They are constructed from a long fine wire (usually nickel-chromium wire) wound on a
ceramic core. The length of the wire used and i% resistivity determine the resistance of the unit. The
wire is bare but the entire assembly is covered or coated with a ceramic material ar special vitreous
enamel (Fig. 5.1).

Terminals

losuiation

Bracket

Wire wound resistot

Fig. 5.1

Such resistors are generally available in power ratings from S W to several hundred watts and
resistance values from 1 € o 100 K. These can be of either fixed value or variable ty pe.

Wiue-wound resistors ae used where
(a) large power dissipation is necessary
(b) precise and stable resistance values are required as for meter shunts and multipliers.

5.5. Caibon Composition Resistors

They are made of finely-divided carbon mixed with a powdered insulating material in suisable
proportion. Often, the resistance element is a simple rod of pressed carbon granules whichis usually
enclosed in a plastic case for insulation and mechanical strength [Fig. 5.2 (gq)]). The two ends of the
carbon resistance element are joined tometal caps with leads of tinned wire for solderin g its connections
Into a circuit.
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Sohd resistance
element

Solder coated
leads

Baked-on
colour coding

Solid resistance
element

Fig. 5.2 Carbon composition resgistors.

Such resistors are available in power ratings of 1/10, 1/8, 1/4, 1/2, 1,2 wan and in resistance
values ranging from 1  to 20 MS2. Where power dissipation is 2 W or less, such resistors are
preferred because they are smaller and cost less. Carbon resistors with power rating of | W or less are
most common in electronic equipment.

5.6. Carbon Film Resistors

They consist of a high-grade ceramic 10d or core (called the substiate) on which is deposited a
thin resistive film of carbon. They are cheaper than composition resistors.

5.7. Cermet Film Resistors

They consist of thin carbon coating fired on to a solid ceramic substrate. The main purpose is
to have mote precise resistance values and greater stability with heat. Very often, they are made in a
small square with leads to fit into a printed circuit board (PCB).

5.8. Metal Film Resistors

They are also refernad to as thin-film resistors. They
consist of a thin metal coating deposited on a cylindrical
insulating support. The high resistance values are due to
thinness of the filin. Because it isdifficult to produce filins
of uniform thickness, it is not possible to control their
resistance values as accurately as in the case of wire-wound
resistors. However, such resistors are free of trouble-some
inductance effects so common in wire-wound resistors
particularly at high frequencies.

59. Power Rating

The power rating of a resistor is given by the maximurmn wattage it can dissipate without excessive
heat. Since it is curtent which produces heat, power ratitig also gives some indication of the maximum
current a resistor can safiely carry. If the current exceeds this value, more beat will be produced than
can be carried safely and the resistor will bumn out. A 1/2 watt resistor, for example, can dissipate

.— Length () —» 1/2 watt of heat without
- damage whereas a 1W

Metal oxide film resistors.

'..._ L-

. resistor can throw off

3 I l 3 twice as much heat. In a

e ciicuit, you may substitute

Surfacc area = ! X C Cicumference (¢) | Wwatt resistor of same

resistance value for a

1/2 wan resistor but not
vice-versa.

The arger the surface areo of aresistor. the more power it can dissipalte.
The power rafing of a resistor Is direc!ty related to Its surface areo.



50 = Basic Electronics

The physical siae of a resistor is no indication of its resistance though it does give some indi-

cation of its wattage rating. For a given value of resistance, greater the physical size, higher the power

rating. o

Also, higher-wattage resistors can operate at higher temperatures. Moreover, a higher power
rating allows ahigher voltage rating. This rating gives the highest voltage that may be applied across
the resistor without internal arcing.

5.10. Value Tolerance

By tolerance is meant the posstble vartation from the nomina! or marked resistance value of a
resistor. [t means that actual resistance of a resistor may be greater or lesser than its indicated value.
All resistors are manuf actured and sold with a specified tolerance. For example, a [000 €2 resistor
with a toletance of 10% will have an actual resistance anywhere between 900 Q and 1100 Q i.e.,
[00 Q2 mose or less than the rated value.

Carbon- composition resistors have tolerances of + 5%; + 10% and + 20% whereas general-
purpose wire- wound resistors usually have a tolerance of + 5%.

5.11. Variable Resistors h 2_
L
't

These are the resistors whose
resistance can be changed between zero and
a certain maximum value. They can be wire

wound or carbon type. As shown in Fig. 5.3, | I \' " ‘
the sliding arm has been attached to a shaft l
which can be rotated in almost a complete Ton ad ng MuRPrig side adiis)
circle. As the shaft rotates. the point of Varlable resistors.
— Resistance
/' Element
o —
; ,-"_i_d_ — ff..f"-f_ __H::\‘u
o o Tar A N\
iy . \ % / \ AO— —AANAAN——0 C
g ™ 5"‘-.% 1 Ao AAMN v —a [ l'-.II \ TACSTATAIALLY
||. /s . v\ : v f\f‘f 3 [ P/ o | | ) A 3
I'. I'u.—"-" > ,.'II J - —-i-: I". ll".k . -:::E:::ﬂll _.'I o |
\ L '&. ...__.r J ‘1 .I"._ \‘x ol 4
Y F, d J ol .-'"lr
\:/" '..f::_: B \> o B
' 2 Ad %C 2
Ad »C B
| 6B 3 ! 9 :
] 2
(@) (b)

Fig. 5.3

contactof the sliding arm on the circular carbon-composition resissance element changes thus changing
the resistance between arm terminal B and terminals of the stationary resistance A C. In Fig. 5.3 (a) as
we move the sliding arm, the resistance between B and A inceeases whereas that between B and C
decreases. [n Fig. 5.3 (4), with the rotating of the arm, resistance between B and C increases whereas
that between B and A decreases.

Carbon variable resistors of powerratings 1/2 W to 2 W and resistances of 1 k€2to 5 MQ are
commonly available. Such controls are often combined with an OFF-ON switch—a common
example being the power OFF-ON switch and volume control of a radio receiver.

5.12. Potentiometers and Rheostats

These are variable resistors either of carbon or wire-wound type often used for contiolling
voltage and current in a circuit.
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(a) Potentiometers

C
They generally have carbon composition resistance * =
element and are connected across a voltage source. They have § — Sliding
three terminals, the centre one being connected to the variable g / Amn

arm which is usedfor varying voltage division in the circuit as
shown in Fig. 5.4. By moving the vatiable aam B over the fixed
resistance R between points A and C, any part of the input
voltage can be tapped off. Since in Fig. 5.4, 8 happens to be at
the middle value of R, output voltage is half the input voltage.

Most vatiable resistors used in radios are potentiom-
eters meant for controlling volume or tone. When used as a
volume control, it picks off a voltage between zero and the full available voltage as shown in Fig. 5.5.

By moving 8 up and down, any desired amount of voltage (signal) can be picked up between maxi-
mum signal value at point A and zero signal value at C.

Fig. 5.4

The tone control citcuit shown in Fig. 5.6 uses only two terminals on the potentiometer. The
resistor allows the capacitor to by-pass to ground either more or less of high frequencies in an audio

circuit. When B is at point

: G 0O
A, the capacitor becomes a TA Audio
directby pass to ground for L Input =Capacitor

1 ' 1 1 ) = Bass %A
hxgl?er.frequenmes in the . <B A
audiosignal. Consequently,  juny ST Audio . Output
radio sound becomes =  ouputio B
‘bassy’. When B is at l BOphIYGE i C}
terminal C, it increases the TC N "
amount of resistance in = = =
series with the capacitor. "
P ig. 5.5 Fig. 5.6

Hence. less ainount of high
frequencies is by-passed to

ground and consequently, there is more trebble i n the sound.

As illustrated above, potentiometers are commonly used as control devices in amplifiers, TV
sets and various types of meters. Typical applications include volume and tone controls, balance

controls, linearity and brightness control in TV receivers etc.

Rheostat
() Rheostats A Y
The resistance element of rheostats is made of high- T | =
resistance wire. [t has two terminals and is connected in series |\l
with a circuit for adjusting the amount o fcurrent flowing through g:::l; :—j} =
== it. Rheostats [P
are commonly | Lamp
used to control .
relativety high Fig. 5.7

A rheostat.

currents such

as those found in motor and lamp loads. Fig. 5.7
shows how a rheostatcan be connected into a lamp
circuit for controlling its current. As seen, only
resistance BC is connected into the circuit.

Though similar in conssruction to potentiom-
eters, they are usually larger in size because they
possess much higher power rating.
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A given potentiometer can be
used as arheostat. One method is just _»——ng:o—_ 2
to use two ends only leaving the % B C [ N}V;
third end unconnected as shown in ‘ :
Fig. 5.8 (a). The other method is to
wire the third unused terminal to the

central terminal! as shown in () &)
Fig.5.8 (b). Fig 58

5.13. Fusible Resistors

These are wire- wound devices similar in appearance to ordinary wite-wound tesistors. They
__ are sometimes used in amplifiers and TV sets to protect
certein circuits, They have resistance of Jess than 15 Q,

Their ‘ rc.sisfaxfce ‘Iuble 5.1
element is quite simi) ar
to the fuse link in a Colour Value
cart.ridgc fuse and is Black 0
- designed to burn out
. whenever currentin the Bro l
circuit exceeds a Red 2
.y certain predetermined Orange 3
fusibte resistors. value. Yellow 4
5.14. Resistor Colour Code Cretn :
Since fixed carbo n-composition resistors having axial leads Bl.ue g
are physically small, they are colour-coded to indicate their Violet 2
resistance in ohms. The system is based on the use of colours Grey 8
(painted onthe body of the resistor) as numerical values. 1o general, White 9

it should be remembered that dark colours like black and brown

correspond to Jowest numbers of zero and one respectively, the light colours to next higher numbers
and lastly, white colour to nine. The colours used with the code and the numbers they represent ase
given in Table 5.1.

Four-band Five.band
220 5% 220 5%
2000 5% tolerance .. ' l l I p— _I-lll I samzan
4 7 00 1% 4 7 00 1%
471 1% wiaeoce wam l l l e’ ]— 1 —
1 0000 10% 1 00 10%
100 10% tolecance wemm Ill ' - l' | I
1 2 00000 296 1 2 0 DDDD 296

1.2ML} 2% tolerance wees |I I I - _I'|| I o

Some exampies of the resistor colour code.
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5.15. Resistance Colour Bands

These bands are printed around the body of the resistornear iss one end (Fig. 5.9). Each colour
stands for a digit. Often, there are four bands though sometime there may be five. In eachcase, rhe
first three bands give the resistance value.

(@) Thcee Bands Only

They represent the resissance value as per the colour code. Absence of fourth band means a
resistance tolerance of + 20%.

(#) Four Bands Only

As before, the first three bands give resistance value and the fourth one gives tolerance,

Fourth gold ring means a tolerance of + 5% whereas a fourth silver ring means a resistance
tolerance of £ 10%.

(¢) Five Bands

The first three bands, as usual, give resistance, fourth one gives tolerance and the fifth one
indicates reliability level or failure rate for which colour code is,

Brown= 1% : Red=0.1%; Orange =001% . Yellow = 0.001%

Starting from left to right, the colour bands

i |
(Fig. 5.9) are interpreted as follows : CO ous B«'mds

1. Thefirst band close to the edge indicates the
first digit in the numerical value of the —
resistance.

2. The second band gives the second digit. First P ,___

3. The third band is decimal mulsiplier ie. it Digt /[ ] sk
gives the number of zeros after the two digits. D?cg?," Mu;ﬁpﬁc ¢ Silver10%

It is important to note that if the third band is

black. it means “do not add zeros to the first

mwo digits”. The resulting number is the resistance in ohms.
4. The fourth band gives resistance tolerance. If there is no fouﬂh band (olcrance is under-

Fig. 5.9

stood to be+x 20%.
Secondﬁ digit Mgltiplier ==
\ / Toi @mnce
l"n, 8
First digit ;.-' Yellowj Silver
|0]et Orange *10%

— ) m

The resistance value of the carbon
This Resistor has a value of 47,000Q. £+ 10%  composition resistor shown in Fig. 5.10is47,00082

+ 10%. It means that its value is 47,000 +
4,700 Q i.e., it can lie anywhere between 42,300 Q and 51,700 Q.

5.16. Resistors under Ten Ohm

Intheir case, the third band is either gold or silver which serves
as fractional multiplier. If third band is gold, multiply the first two
digits by 0.1. If it is silver, then multiply by 0.01. However, fourth
band, as before, gives tolerance.

Asseen from Fig. 5.11, the value of resistor is 6.9 + 10% ohm.
5.17. Resistor Troubles s i

The most common trouble with resistors is ‘open’ which Fig. 5.11
happens due to excessive curzent and heat. A charted or discoloured
resistor should be discarded straight away though it will usually check good with an ohmmeter.

Gold l—Silvcr
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5.18. Checking Resistors with an Ohmmeter

Since an ohmnaeter has it own voltage source, it is always used without any external power
being supplied to the resistance under measurement.

The ohmmeter must have anohm scale appropriate to the value of resistance being measured,
otherwise it will not give correct value. In checking a 10 M£2 resistor, if the highest reading of the
nieter scale used is 1 M£2 resistor, the instrument will read infinity even if the resistor has its normal
value of 1O MS2. It is essential to use a scale of 100 MQ for checking such high resistances.

Similarly, for checking resistances of value 10 € or less, a low ohm scale of 100 Q or less
should be used. Otherwise, the ohnimeter will read a low resistance such as zero thus indicating
a shor,

Another very important precaution one should take while checking a resistance is to niake sure
that there are no parallel paths across the resistance being measured. Otherwise, the measured resi stance
can be much lower than the actual resistance. As shown in Fig. 5.12 (a), the ohmmeter reads R IR,
i.e, 10/2=5 K. To check R, alone. its one end should be disconnected as shown in Fig. 5.12 (b).

Reading Read:
5-1 12 ’q\ Tad;?g /7
X | S ' - 4
g4 L | ?
=il — R R, - !

—"_-'__ IoliéJ§ IOR’E .5‘5 o 0KS 10 ﬁ%

(@) (b)
Fig. 5.12

Another point worth temembering is : not to touch the ohmmeter leads. There is no danger of
electric shock but body resistance of about SO K acting in parallel with the resistance being measured
will lower the chmmeter reading.

5.19. Inductor Ename) misulated wire
It is another basic component commonly P | V4 . Chce

used in electronic circuits, It is nothing else but a J

coil wound on a core or fomer of some suitable l

material. : —

(a) Air-core Inductor

It consists of number of turns of wire wound
on a former made of ordinary cardboard [Fig. 5.13
(a)]- Since there is nothing but air inside of the colil, an aircore inductor has the least inductance for
a given number of turns and core length.

(») Iron-core Inductor

This oneexample of what an Inductor might
Icok like.

It is that inductor in whichacoilof wire [ ) T [ :
is wound over a solidor laminated iron core L) 'rj \ Rt J_f i =
[Fig. 5.13 (b)]. Putting iron inside an inductor '
has the effect of increasing its inductance as l

many times as the relative penneability (M) Air Core (ron Core
of iron. In order to avoid eddy current loss, (@) (b)
iron core is laminated i.e., it is made up of

thin iron laminations pressed together but Fig. 5.13
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insulated §rom each other. Sometimes, such an inductor
1s also called a choke.

The iron core has been found to work more . .
efficiently particularly at low frequencies if it is in the
5 e
form of a closed core i.e., if the core not only goes

through the centre of the coil but alsosurrounds t on ~ LeminGted Iron cores ore generally
its two sides as shown in Fig. 5.14 ussed in low cost. low powerinductors.

:Ai" Gap (c) ¥Ferrite-core Inductor
- In this case, coil of wire is

e — e

e

| wound on a solid core made of
I highly ferromagnetic substance

\ ) called ferrites Kerrite. 35 a solid
).

material consisting of fine
particles of iron powder

1. = -~ ' embedded in an insulating binder.
/,,J E : A ferrite core has minimum eddy Ferrfte core inductors ore
Ajp s Coil current loss. used in moderctely high
‘ap The symbols for diff erent FESELh SIS
Fig. 5.14

types of inductors discussed below are shown n Fig. 5.15.

5.20. Comparison of Different Cores —_— = -
lna - - LR GLLLR
n air-core coils, there are no core losses even at high

frequencies but their inductances are limited to low values rﬂrﬁ

in the uH or mH range. R
In iron-core coils, losses are minimal at low 1.e., audio

frequencies but become considerable at high frequencies Fig. 5.15

even when iron core is laminated. They possess

comparatively much larger inductance as compared to air-core coils.
Ferrite-core coils have high inductance value with minimum eddy current and hysteresis losses

even at very high frequencies. The builtin antennas used in transistor radios have ferrite core.

5.21. Inductance of an Inductor

It is found that whenever current through an inductor changes {i.e., increases or decreases), a
counter emf is induced in it which tends to oppose this change. This property of the coil due to which
it opposes any change of current throughiitis called inductance ( L). Itsunitis henry (H). The inductance
of a coil is given by

[ron £ enite
Core Cole Core

2
E = Ho l-l,JA y hearys N
It is seen that L varies (Ej‘unrﬂﬂ'urﬂp
i, directly as relati ve permeability of the core material, T s
2. directly as core cross-sectional area, r L 01
3. directly as square of the nunber of tums of the coil,
4. inversely as core length. Fig.5.16

5.22. Another Definition of Inductance

Suppose, current through an inductor is changed at the rate of di/dt because of which a counter
emf of ‘c’ is induced in it. Then, it is found that
di e

e=b—or  L=gma
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If di/dr =1 A/sandc=1V.then L« |H

Hence, a coil has aninductance of one henry if an emf of one voltisinduced init when current
through it changes at the rate of | A/s,

The radiofrequency (RF) coil for the radio broadcast band 550-1650 kHz has an inductance
of about 250 pH whereas iron-core inductors used for audio frequency have inductance values of
about 1 to 25 H.

5.23. Mutual Inductance

When two coils are placed so close 1o each other (Fig. 5. 17) that theexpanding and collapsing
magnetic flux of one coil links with the ather, an induced emf i s produced in the other coil. These two
coils are then said to have mutual inductance (M).

e
TQ . e
1: I N N
Ny N2 I - €
e t L, ¥ L,
s
2

(@ ()]

T

'
o

In terms of physical factors

Ko U, A ~| NZ
!
where /isthe length of the magnetic path.
As shown in Fig. 5.17 (b), let the
rate of current change through the first

M=

coil be di/idr. This changing current will ',Ac;g?_n?;.ﬁy
produce a changing magnetic flux Il
through it which will link partly or fully Changing

! ] d magnelc field
with the second coil. Hence, an induced

f’ ines prodiced
emf ‘e," (called mutually-induced emf) :smj v c bv primary cof
will be produced in the second coil. Its

value is giveo by Prg;w SECEE:?EUL
M di
= An altefnating cunent {, In the primaty coil crectes an

altemating magnetic field. This changing field Induces

if d/df = 1Afs and an emf In 1he secondaly col.

e, =1V, thenM
Hence, two coils have a mutual inductance of one henry if a current change of one
ampere/ second in one coil induces one volt in the other.

5.24. Coefficient of Coupling

Two coils are said to be magnetically coupled if full or part of the flux produced by one coil
links with 1he other. Closer they are, tighter the coupling between them. If, on the other hand, no flux
from one coil links with the other. then coupling between the two ts zero.



Chapter : 5 : Passive Clrcuit Elements = 57

This coupling effect is measured in terms of coefficient of coupling given by

M
where L, = inductance of the first coil

Lz = inductance of the second coil
M = mutual inductance between the two coils

When magnetic flux produced by one coil does not link with the other coil, then k =0. If all the
flux produced by one coil links with the other, & = 1. Aircore coils wound on the sarae former have
k value of 0.05 to 0.3. Coils an iron core have k almost equal to unity.

$.25. Variable Inductors

The inductance of a coil can be varied by the three diffecent methods shown in Fig. 5.18.

1. By using a tapped coil as shown in Fig. 5.18 (a ). Here, either more or fewer turns of the
coil can be used by connection to one of the taps on the coil.

2. By using a slider contact to vary the number of turn used as in Fig. 5.18 (3).

"
[ 2
O
O
(8]
F— %
I.__....-_.-"
TR TTETI000

{a) (b) (c)
Fig. 5.18

The se methods are used for large coils. it will be noted that the unused turns have been

short-circuited to prevent the tapped coil from acting as an autotransformer otherwise the
stepped up voltage could cause arcing across the turns.

Fig. 5.18 (¢) shows the symbol for a coil with a ferrite slug which can be screwed in or out
of the coil to vary its inductance.

5.26. Inductors In Series or Parallel without M

We will assume that the different coils connected in series or parallel have no mutual
inductance M.

L, L,

(a) (b)
Fig 5.19
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(a) Series Combination

Here, L=L+L, — Fig. 5.19 (@)
In general, L=L +L,+L+..
(b) Paraliel Combination
el L=LlL= —;'fiq — Fig. 5.19 (%)
In general - + 1 + 1 +
8 ) I "Lt TR

5.27. Series Combination with M

In this case, value of total inductance will depend upon

1. amount of niutual inductance present, and

2. whether the combination is seriesaiding or series-opposing.

In series-aiding, the direction of the common current through the two coils is such that their
magnetic fields aze in the same disection i.e., they aid each other as shown in Fig. 5.20 (a). In series-
opposing, the direction of current flow is such that the two fields oppose each other as shown in
Fig. 5.20 (b).

f"'-_M___“'“._ L
L, / ., L, . | - L, .
,.ﬁ‘_%\_.'.' 8 ﬁ"i-'r ...__fﬁ.,n\.n e | . ' I Tﬁ% ,
~ATUV ‘I:I"l:-i.. a Hf}ﬁ‘ ‘lir"h - ”"T'THN_
I
i 1 A i * l e T
-.J.'._g._.ffj B - 2 4
5 T, T, i T, T, Ty

(a) ()

Fig. 5.20

For the circuit of Fig. 5.20 (a)
L,=L,+L,+2M
For the circuit of Fig. 5.20 ()

L,=L,+L,-2M
Incidentally, it can be deduced from the above two equations that
L - L,
M= 4

Example 5.1. Two coils each having an inductance of 250 \H have combined inductarce of
550 UH when connected series-aiding and 450 \H when connected series-opposing. Calculate

(?) their mutual induciance. and {ii) coefficient of coupling.

—1, 550-4
M=L,,4L,,= 04 50=25”H

- pe M 8. e
' T JL L, J250x250

5.28. Stray Inductance
It is the unwanted inductance inherently present in the connecting leads and wire-wound

resistors.
For example, a connecting wire 10 cm long and 1| mm in dianseter has an inductance of about

0. KkH. [t is negligible at low frequencies but can be troublesome at MHz frequency range. That is
why connecting leads are kept vesy shost in high-frequency circuits.

Solution. (i)
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Since ordinary wire-wound resistors have considerable siray inductance, non-inductive wire-
wound 1esistors are used instead. These are wound in such a way that adjacent tumms have currents in
the opposite direction so that opposing magnetic fields cancel out the inductance.

5.29. Energy Stored in a Magnetic Field

When current passes through an inductor, magnetic flux is pro-

Inducter
duced for which energy is supplied by the voltage source. This energy is gt -
safely stored in the field itself and s recoverable. The amount of energy | LE ! m;n
stored is
E= % L P loules ¢ .
whese L is inductance in heorys and / is the steady curtent in amperes. Fig. 5.21

5.30. DC Resistance of a Coil

[t is the ohmic resistance of the wire used in making the coil. This resistance will depend on the
thickness of the wire and itslengthi.e., total number of turns. For radio€requency coils with inductance
values upto several mH requiring 10 to 100 tums of fine wite, the d¢ resistance is from ] to 20 Q2
appreximately.

5.31. Troubles in Coils

The most common trouble is an *open’ in the winding. An ohmmeter connected across the coil
wil] read infinity for the open circuit. As usual, while checking its resistance, the coi! should be
disconnected from the external circuit to eliniioate any paralle] paths which could affect the
resistance reading.

5.32. Reactance Offered by a Coil

An inductor offers opposition to the passage of any changing or alternating current through it,
This opposition is given the name of inductive reactance, X,.

X, =2nf L=wlLohm
where L = coil inductance in hentys
f = frequency of aiternating current in Hz
¢ = angular frequency in radian/second.
Like resistance, unitof inductive reactance is also ohm.

Obviously. X, =0if f=0, i.e.,a coi! offers no reactance to the passage of direct current through
it since frequency of such a nonchanging-current is zero. Of couise, it does offer dc resistance pos-
sessed by it.

Itmay be noted that. unlike resistance, inductive reactaoce offered by a coil is not constant but
depends on frequency of the alternating curient passing through it. Higher the fiequency. greater the
reactance. Moreover, for a given frequency, X, depends directly on coil inductance L.

Example 5.2. Calculate the inductive reactance offered by a coil o inductance 250 WH to
radio-frequency currents of frequencies (i) 1 MHz and (ii) 10 MHz

Solution. (1) X, =2nfL
=23t x (1% 10%) x (250 x 10-%)= 1570 Q2
(id) X, =21 x (10 x 10%) x (250 x 10-¢) =15,700 Q

As seen. X, increase proportionally with increase in frequency.

5.33. Impedance Offered by a Coll

A coi] having both inductance (L) and 1esistance offers opposition in the form of both X,
and R. The combined opposition of X, and R is known as impedance (Z).
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However, it should be noted that X, and R are not added arithmetically but vectorially as
shown in Fig.5.22 (a).

Here, Z = \[R2 +X; (and 2R+ X))
The right-angled triangle of Fig. 522 (a ) 1s
known as impedance triangle.

Forexample, aninductor coithaving a resismance =~ Z %
of 3 2 and an inductive reactance of 4 {2 offers an
impedance of 5 Q2 and not (4 + 3) = 7 Q. The vector o
addition is shown in Fig. 5.22 (4). '- R

Incidentally, the angle ¢ in Fig. 5.22 represents (@) (&)
the phase difference between the applied alternating Fig. 5.22
voltage and circuit current. '

Example 5.3, A coil has a resistance of 30 §2 and an inductance of 127.3 mF. 1t is connected
across a 200 V, 5 Hz ac supply. Find

I. impedance 2. circuit current 3. phase angle ¢
Solution. X, =2nfL
=21 x 50 % (1273 x 10-)=40Q

Z= R+ X} =y 302 +40? =500

2 I =ViZ=20050=4 A
X, 40 _ s e
3. tan¢ = T—%—l3333 o ¢—53
5.34. Q-Factor of a Coll
The quality or merit of a coil is measured in terms of i (J-value given by
_ X, _2n fL
0= "R "R

As seen, smaller the d.c. resistance of a coil as compared toits inductance, higher its Q-factor.
In tuned radio receiver circuits, a high Q-coil is preferted because

1. itincreases shatpness of tuning i.e., makes the tuned circuit more selective,

2. 1tadditionally increases its sensitivity.

5.35. Capacitors

Apat from resistors and inductors, a capacitor is the other basic component commonly used in
electronic circuits. [tis a device which

1. has the ability to
store charge which « o pane
neither a resistor nor z
an inductor can do:

2. opposes any == C
| change of 1oitage in
the circuit in which it o
is connected; Plates

3. blocks the pas-

Capacillots. sage of direct current Fig. 5.23
through it.

b Aun inductor opposes change of curvent.
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Capacitors are manufactured in vanous sizes, shapes, types and values and are used forhun
dreds of puiposes.

Essentially, a capacitor consists of two conducting plates separated by an insulating medium
called dielectric as shown in Fig 5.23. The dielectric could be air, mica, ceramic, paper, polyester,
polystyrene or polycarbonate plastics etc.

5.36. Capacitor Connected to a BoHery

When switch Sin Fig. 5.24 (a) is closed, the capacitor gets connected across the battery. There
is momentary flow of electrons from plate M to plate N. The positive terminal of the battery atiracts
and pulls away negatively-charged electrons from plate M which consequently becomes positive.
Similarly, as these electrons collect on plate », it becomes negative. Hence, a potential difference is
established between the two plates M and N. This zransient flow of electrons from one plate to another
through the connecting wires gives rise to charging current which establishes positive charge of +Q
coulomb on the plate M. Thestrength of this charging current is maximum in the beginning when the
two plases are uncharged but it then decceases and final y ceases when p.d. across the two piates
becomes slowly and slowly equal and opposite 1o the battery emf i.e., V volts. The capacitor then
becomes fully charged as shown in Fig. 5.24 ().

Charged Discharged
M| |N M*| [N M| IN
| ol I | |
A A
S _ /
= JII% B Y. B
(a) ®) (©)
Fig. 5.24

Following two points should be noted :

[. no current can flow ‘through’ the capacitor because of the presence of dielectnc in the
circuit which offers infinite resistance. The electric charge is momentarily displaced from
one plate to another through the external circuit only;

2. as pd. between the plates is increased, the dielectric medium comes under increasing
swress. [f this p.d. is increased, the stress in the dielectric inceeases till it can no longer bear
it. At that stage. electrical breakdown occurs accompanied by a spark between the two
capacitor plates. The maximum voltage per metre thickness which a medium can withstand
without a rupture or breakdown is called its dielectric strength. Usually, it is given in
kV/mm instead of the basic unit V/m. If the two leads of a charged capacitor are connected
together as shown in Fig. 5.24 {c), the p.d. between the two plats is equalized and the
capacitor becomes discharged,

3. since there exists a p.d. between the two plates, an elec¥ic field is set up between them
whose strength is given by

E = V/d volt/metre
5.37. Capacitance

[t measures the ability of a capacitor to store charge. It may be defined as the amount of charge
required to create a unit potential difference between its plates.

Suppose. we give +{J coulomb of charge to one of the two plates of a capacitor and if ap.d. of
V volts is established between them, then its capacitance is
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C s gfarad

1’4
If O=1 Cand V=1 volt, then C =1 farad (F).

Hence. one farad is defined as the capacitance of a capacitor which requires a charge of one
coulomb to establish a p.d. of one volt between its plates.

Capacitance of a capacitor may also be defined in terms of Capacitor
its property to oppose the change of voltage in the circuit. In that 3
case.

;
= dvlds
where i = charging current

dv/dt = rate of change of voltage

C

i = ] ampere, dv/di = | volt
The amount of charge the device
can stae for a given vol:age dif-
then C = | farad ference iscalled the capacitance.

Hence, one farad may be defined as the capacitance which will cause one ampere of charging
current to flow when the applied voltage across the capacitor changes at the rate of one volt per
second.

Farad is too large for practical purposes. Hence, much smaller units like microfarad (uF),
nanofarad (nF) and micro-imnicro-farad (WUF) or picofarad (pF) are generaily employed.

| UF = {0SF
loF = 10°F
1 pForl piF = 10712 F

second

5.38. Factors Controlling Capacitance

The capacitance of a capacitor depends on the following factors :
|. Plate Area

Capacitance increases directly with increase in plate area (A).

2. Plate Separation

As plate separation () decreases, capacitance increases and vice-versa. Since plate separation
often equals the thickness of the dielectric used, we may say that thinner the dielectric slab, greater
the capacitance and viceversa.

3. Type of Dielectric

It depends on the relative permittivity € (previously called dielectric constant) of the dielectric
mediutn used. Higher the vaiue of €, greater the value of capacitance.

Combining the above three factors. we get

€= EOZ' A farad

where g, is the absolute permittivity of vacuum = 8.854 x 102 F/m.

The relative permittivities of some dielectric media are listed in Table 5.2 on next page.
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Table 5.2

Dielectric Constans
Material or
relative permittiviry (€,)

Air or vacuusn |

Bakelite 4.5—5.5
Ceramic 50—3000
Fibre 5—38
Glass 7—8
Mica 3—6
Paper (waxed) 3—5
Polysterene 2.6
Porcelain 5—6

Example 5.4. What is the capacitance of a capacitor if a charging current of 00 mA flows
when the applied voliage changes 20 V ast a frequency of 50 H2?

4

Solution. C =

dvidt
Now, i=100mA=100x10->A=01A
dv =20V, & =1/50=0.02's
0.1
C = 357002 =01 10 F

= 100 x 10°F = 100 pF

Example 5.5. What is the capacitance of a parallel-plate capacitor of plate area 0.01 m? and
air dielectric of thickness 0.01 m ?

If the capacitor is given a charge of 500 ppC, what will be the pd. between its plates?

How will this be affected if space between the two plates is filled with wax which has a relative
pemmittivity of 4 ?

€ & A
d
Remembering that for air, e, = 1. we get
_ 8854x107"? x1x0.01

Solution. C =

= 8.854% 1072 F = 8854 pyuF

0.0]

_@ _¢

Now, =V or V= C
500upC _

V = 8854|-l|-lF = 56858V

When wax is introduced, capacitance will increase four times.
C =4x 8854 =354 ppF

Since chaige remains constant, p.d. will decrease to one-foutth of its previous value because
Vo 1/C

V =565/4=141V
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5.39. Types of Capacitors

All capacitors commonly used in eleceonic circuits may be divided into two general classes
(a) fixed capacitors and (b) variable capacitors.

Fixed capacitors may be further sub-divided into ;) electrolytic and (if) non-electrolytic
capacitors.

5.40. Fixed Capacitors

These can be grouped into two classes as detailed below :
(a) Non-electrolytic type

Itincludes paper, mica and ceramic capacitors. Such capacitors have no polarity requirement
i.e., they can be connected in either direction in a circuit.

(i) Paper Capacitor

It consists of two tinfoil sheets which are separated by thin tissue paper or waxed paper. The
sandwich of foil and paper is then rolled into a cylindrical shape and enclosed in a paper tube or
encased in a plastic capsule. The lead at each end of the capacitor is internally attached to the metal
foil. Fig. 5.25 (a) shows a 2.0 YF tubular paper capacitor of maximum ac voltage rating of 2000 V
whereas Fig. 5.25 (b), shows polyester capacitor having moulded plastic box encapsulation suitable
for use in printed circuit boards.

(a) Fig. 5.25 (5)

Paper capacitors have a capacitance range of 0.001 10 2.0 UF and working-voltage rating as
high as 2000 V. These specifications are usually printed on the capacitor case. Paper capacitors have
large physical size as compared to their capacitance and also become inefficient as the frequency of
applied ac voltage exceeds a few megahe:le. These facts prevent their use in most FM TV circuits
except in low-frequency portions of the citcuits .., in audio stages.

These days such foil construc-
tion capacitors use thin plastic filmin-
stead of paper as the dielectric medium.
Two mostcommonly-used plastic fi lms
have trademas'’k names of Teflon and
Mylar. Such capacitors have

1. bhigh insulation resistance of
1000 M and above,

2. low losses, and

3. longer shelf life without
breakdown as comparedto
paper capacitors.

Fig. 5.25
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Fig. 5.25 (c) and (d) show tubular and flat metallised polyester film capacitors which are ideal
for coupling and by-pass applications in radio. TV, hi-fi equipment and instiumentation etc.

(@) Mica Capacitor

It is a sandwhich of several thin
meta] plates separated by thin sheets of
mica. Alternate plates are connected
together and leads attached for outside
connect:ons. The total assembly is encased
in a plastic capsule or bakelite case as
shown in Fig. 5.26. Such capacitors

have small capacitance values (50 to S00
pF) yet high working voltage ratings (500
V and above).

Once such capacitors were used extensively in radio circuits but, of late, they have been super
seded by ceramic capacitors because of excellent properties of ceramics and their economy.

Fig. 5.27. The small value ceramic
capacitors.

(5%)

nnw

Fig. 5.26

Ceramic Capacitors

Such capacitors have disc- or hollow tubular-shaped
dielectric made of ceramic material such as titanium diox-
ide and barium titanate. Thin coatings of silver compound
are deposited on both sides of the dielectric disc which act
as capacitor plates. Leads are attached to each side of the
disc and the whole unit is encapsulated in a moisture-proof
coating (Fig. 5.27).

Because of the very high value of the dielectric con-
stant of ceramics (€, = 1200),disc type capacitors have very
large capacitances (upto 0.01 1F) compared to their size.

In the case of tubular ceramics, the hollow ceramic tubehas a silver coating on the inside and
outside surfaces. The capacitance range varies from 1 to S00 pF with working voltage rating exceed-
ing 10 kV. Ceramic capacitors have many advantages as compared to mica and paper capacitors.
These capacitors

1.
/.

e

are econontical,

have very small size but large capacitance.
Hence, they occupy less space.

have very high working- voltage rating,
have very low power factor (i.e., loss) which
further decreases with increase in the

frequency. Hence, they are very useful for

short-wave work in radio.

() Electrolytic Capacitors

These capacitors are called electrolytic because they use an electrolyte (borax or a carbon salt)
as negative plate. The capacitor consists of

1.
2.

a positive plate of alwminium;

—ve Terminal

tetelelels
o

et L I L L
o, o g
et etet et e et

Fig, 5.28

an exwemely thin {(i.e, molecular thin) insulating film of aluminium oxide (Al,O,) as
dielectric medium. It is electrochemically deposited on the surface of anode itself

(Fig. 5.28);

an elecwrolyte of borax (phosphorus or carbonate). As shown in Fig. 5.28, an absorbent
gauze saturated with the eleckrolyte is kept in contact with the dielecttic. The second
aluminium plate serves merely as contact to the electrolyte. It forms the negative terminal.
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Such a capacitor is made as described below:

A thin strip of aluminium is coated with a molecular-
thin film of aluminium oxide by anelecochemical process.
It is covered with a layer of gauze soaked in the electrolyte
of borax. On top of this is another metal plate in contact
with the electrolyte which. in reality. is the second plate of
the capacitor (and not the lop plate). The entite sandwhich
is rolled up into a compact cylinder and placed inside a
mctal cylinder (Fig. 5.29) or can.

This enclosing cylinder contacts the outside metal
foil of the capacitor and serves as the negative terminal.
Such capacitor's are made as single capacitors or with two or three capacitors in a single container
having a common negative terminal. The outside metal cylinder is usually enclosed in a paper tube in
order to insulatc it from components and to protect radio technicians from shock.

Because of extremely thindieleciric {ilm, such capacitors possess very large capacitance ranging
from 1 gF to 10,000 yF in very compact sizes. Hence. they are used where lot of capacitance is
required in a small space. Since they use an electrolyte as the negative plate, electrolytic capacitors
are classed as “polarised’ capacitors i.e., they must be connected in the circuit according to the plus
(+) and minus (=) markings on the case. If this is not done, the capacitor may become short-circuited
or get overheated due to excessive leakage current through its dielectric. Moreover. reversed polarity
results in gas formation which may cause the capacitor to explode.

Electrolytic capacitors are frequently used in the filter circuits in order to remove the a.c.
ripple from the power supply. They are also used as blocking or coupling capacitors for blocking d.c.
in a circuit but allowing a.c. to pass through.

The miniature and high-voltage aluminium f oil electrolytic capacitors manufactured by Bharat
Capacitors Limited (BCL), Hyderabad are characterised by low leakage current, low dissipation,
close tolerance in capacitance value, excellent reliability and long life. They meet all performance
characteristics as laid down in JIS-C-5141 or ML -C—62 specifications.

The two disadvantages of electrolytic capacitors are that they

1. are polarity sensitive,

2. bhave low leakage resistance because the oxide film is not a petfect insulator. In other

words, they have high leakage current wbicb can become troublesome.

5 4]. Variable Capacitors

A variable capacitor is one whose capacitance can be varied usually by rotating a shaft. It
consists of two sets of metal plates separated from each other by air. One set of plates is stationary and
is called the stator [Fig. 5.30 (a)]. It is insulated from the frawe of the capacitor upon which

L |

Fig. 5.29. The aluminium electrofytic
capacitors.

1&\1\11;@3}};1@1}\11ﬁmil
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(¢) Single section Fig. 5.30 (5) Two-gang
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it is mounted. The other set of plates is connected to the shaft and can be rotated. That is why itis
called the rotor. By rotating the rotor with the help of a suitable knob, rotor plates can be made to
move in of out of the stator plates. Capacitarnce is maximum when rotor plates are fully ‘in’ and
minimum when ‘out.’
If n is the total number of plates and d is theseparation between any two adjacent plates, then
capacitance for air dielectric is
_(n=1)g A
B d
When two or more such capacitors are operated by a single shaft. it is known as a ganged

capacitor. Fig. 5.30 {b) shows a 2-gang capacitor t.e., one having two separate variable capacitors in
one unit rotated by a single control. Commerciat receivers and those used by short-wave listeners
often bave a variable capacitor with three gangs.

Another type of small variable capacitor which is often used in paralle! with the main variable
capacitor is sometimes known as trimmer and sometimes as padder. It is used primarily for making
fine adjustments on the total capacitance of the device.

(b) Mica Fig. 5.31 {c) Air dielectric

A trimmer (Fig. 5.31} consists of two smali flexible metal plates separated by air or mica or
ceramic slab as the dielectric. The spacing between the plates can be changed by means of a screw
adjusunent. As the sciew is tumed inward, plates are compressed and its capacitance is increased.

Trimmers and padders are usually similarin appearance except that a padder may be somewhat
larger or may have more plates. Capacitance of trimmers can be changed from 5 pF to a maximum
value of 30 pF. Comespending values for padder are 10 pF to 500 pF.

Vaiable capacitors ate used primarily as tuning capacitors in radio receivers. When we tune
two difterent stations, we actually vary the capacitance by moving the rotor plates in or out of the
stator plates. Combined with aninductance, the variable capacitance tunes the receiver to a different
resonant fiequency for each transmitting slation.

5.42. Voltage Ratings of Capacitors

Volitage rating of a capacitor is given by the maximum potentral difference that can be applied
across its plates without puncturing its dielectric. Such ratings are given for temperatures up to 66°C.
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Higher temperatures result in lower voltage ratings. For general putpose paper, mica and ceramiic
capacitors, voltage ratings are typically 200-500 V dc. Ceramic capacitors with voltage ratings of 1to
12 kV are also available. Electrolytic capacitors are commonly used in 25, 150 and 450 V ratings.
Additionally, miniature electrolytics with 6 V and 10 V ratings are often used in transistor circuits.
These ratings are for dc voltages. Those for ac voltages are less because of internal heat produced by
continuous charge and discharge.

Voltage across a capacitor should not be allowed to exceed its rating. However, a capacitor
with a higher volmage rating can be used in a low voltage circuit. For example, a 200 V, 0.05 pF
capacitor can be replaced by a 400 V, 0.05 UF capacitor but not vice-versa.

5.43. Stray Circuit Capacitance

In an electronic circuit, the wiring and other components have capacitance to the metal chassis
which acts as negative or grounded plate. Typical values of such siay capacitance are fiom 5 to 10
pF. Though at ordinary frequencies this value is quite small as compared to concentrated or lumped
values of capacitance, it becomes important at high radio frequencies when one is forced to use small
values of capacitance. The smay capacitance can be minimised by keeping connecting wires short and
by placing leads and components as high off the chassis as possible. Sometimes, for very high
frequencies, stray capacitance is included as part of the circuit design itself

5.44. Leakage Resistance

A perfiect or ideal capacitor is one which given the charge once will keep
it forever. However. in practice, all capacitots get discharged in the long run
due to small leakage curient through their dielectric. Since leakage current is
very small, leakage resistance is very high being almost 1000 M for paper

and mica capacitors and about 0.5 M2 for electrolytic ones. An actual capacitor tdialz: i
can be represented by an ideal capacitor having teakage resistance connectedin
parallel with it as shown in Fig. 5.32.
5.43. Capacitors in Series L
Connecting capacitors in series is equivalent to increasing the thickness Fig. 5.32
of the dieleciric.
Hence, combined capacitance is less than the s7natlest individual values.
Following points about series combination of capacitors
should be noted : G G, G
1. charge on eachcapacitor is the same itrespective of st I ll +Q|, I = I I
its capacitance, v, vV, v,
2. pd. across each capacitor is different being inversely
proportional to its capacitance,
3. sum of voltages across the capacitors equals the ap- o o
plied voltage. Fig. 5.33
As seen fiom Fig. 5.33,
V= W+V+¥
4. combined capacitance is given by the reciprocal formula. C; C;
In Fig 5.33, +Q| ] +Q |
L 1EY Ry ; H Il
== 1|"'Irl vl

R = = - —~

e LCG T §c¥  E=ilg Fiic vty
Capacitors are used in series to provide a higher voltage break-

down rating for the combination. For example, combined voltage rat '———¢ V 0————

ing of three equal 200 V capacitors becomes 600 V when connected in Fig. 5.34
series (even though overall capacitance is reduced).
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5.46. Two Capacitors in Series

As seen from Fig. 5.34, charge on each capacitor is the same though voltages are different.

1 C = RES
. TG +G
Cz
2 v, c+C,
C
3. -V 1
3 V, C+C,

5.47. Capacitors in Parallel

Connecting capacitors in parallel is equivalent to adding their plate areas. Hence, combined
capacitance equals the sum of individual capacitances.

Following facts about paralle] combination of capacitors (Fig. 5.35) should be noted :

1. chargeacross each capacitor is different, being directly +Q, (€,
proportional to its capacitance /
( ‘-‘ Q = Cv) ""Q: |C:
2. pd. across each capacitor is the same r.e., the applied \ |
voitage V, o |
3. the sum of the individual chaiges is equal to the total $Q L 1
chaige supplied by the powei souice
Q=0+0:*+0; —__—o'v a
4. combined capacimnce is equal to the sum of individual i 53

capacitances
C=C,+C,+C,4
5.48. Two Capacitors in Pardllel

Consider the case when only two unequal capacitors are connected in parallel as shown in
Fig. 5.36. In this case

c
1. since Vis the same across both capacitors '
) )
- =G G X
C
8.5 8 _6 L, :

G ~G%e G
2. the two capacitor charges can be expressed in terms of

the total chaige Q taken from the power source. Em————a V @
G C, Fig. 5.36
0,=2:1¢,"' %%+

5.49. Energy Stored in a Capacitor

Energy is required to charge a capacitor and is supplied by the charging agency i.e., a battery
or any other voltage source. This energy is stored in the electric field set up in the dielectric medium.
On discharging the capacitor, the field collapses and the stored energy is released.

Stored energy = %C 2 joules
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This stored energy is the reason why a charged capacitor can pro-
duce an electric shock when you touch its two teads. Stored energy of =
more than 1 joule can be dangerous with acapacitor charged to a voltage .
high enough ( > 90 V) to produce electric shock.

Example 5.6. A »nuiuplate capacitor is made up of ten plates 4
cm X 5 cm separated by mica sheets having thickness of I mm and a
relanve permittivity of €= 6. Find its capacitance.

Sotution. & N ;0 € A
Here, n=10.1»:,=6,A=4><5=20cm2=2xlO'3
m* ] H
d =1mm=103m, £, = 8.854 x 10'2F/m The energy for each

“flash’® comes from the
(10 - 1) x 8854 x 10~ x6x 2x10~%  elecincalenergystored in
C= 1072 Q capacitor,

= 956 x 10-12 F =956 pF

Example 5.7. Two capacitors of 4 pF and [2 pF capacitance and each of working-voltage
rating of 24 V are connected in series across a 24 V battery. Calculate

1. charge across each, 2. voltage across each, 3. combined voltage rating.
C,C, 4xI2
— = = -
C=C+c, a+12 P
Q=CvV=3x24=72pC
Each of the two series-connected capacitors will have the same charge.

c, ., 12

Solution. 1.

-, =24y — = Vv
2 Vl'V(Z}+C3 . ><16 13
q 4

Altermatively, since charge across each capacitor is 72 WC and their capacitances atre known,
values of V, and V, can be easily found from this data.
V, =0/C,=72/4=18V; V,=@/(,=72/12=6V
3.Combined voltage rating is =24 + 24 =48 V

f£xample 5.8. Two capacitors of 0.0003 uF and 0.0006 pF are connected in series. Find
their combined capacitance.

If they are connected in parallel, what wiil be the new value of total capacitance?

‘ GC _ 0.0003 x 0.0006 _
Solution. € = Cx +C = 00003 + 0.0006

Note. In the case of such fractional capacitances. an easier method is © multiply both capacitance
values by a figure that will provide a whole number. Then, when the resuh has been obtained, it should be
divided by the same number. [n the present case, we will multiply both capacitances by 10,000. Hence,

3X6
G = 3+ 6 =

Dividing this resuh by 10,000, we get
C =2/10,000 =9.0002 uF -— as before

06002 pF
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When connected in paraliel
C = 3 +6=9/10.800 = 0.0009 uF

Example 5.9. Find the charges on capacitors shown in Fig. 5.37 and the P.Ds. across them,

Solution. Equivalent capacitance between points
Aand B is f‘ Vy—— vz 9
Cpy =GC,+Cy=5+3=8F _Qz:.rc_z_
This capacitance is in series with the 2 UF ca Q.11 C. 3 wF
pacitor. Oy o = 5 uF B |
: : . 2 uF
Hence, combined capacitance is - “_
Q111G v
2%8 B iQ
C=32+g °*
Charge taken from the battery is 106 V
QO =CV=16x 100= 160 uC Fig. 537
Same would be the charge on 2 UF capacitor.
Q, =160 uC
V, =Q,/C,=160/2=80V
Now, V=V +V, oald0=80+YV,
V, =20V

Q, =C,V,=3x20=60uC
Q; =GV;=5x20=100 pC

5.50. Troubles in Capacitors

Two common problems with capacitors are (i) open and (i) short. In either case, the capacitor
Is useless because it cannot store energy. A good capacitor has very high dielecttic resistance in the
range of 500 to 1000 MS for paper and ceramic capacitors and about 0.5 M£2 for eleceolytic capacitors.
A short-circuited capacitor has zero resistance i.e., it shows continuity. A leaky capacitor has aresistance
somewhat lower than its normal value.

5.51. Checking Capacitors with Ohmmeter

The procedure is as follows :
1. Discharge the capacitor before checking.
2. Make sure that ohmmeter voltage does not exceed the working voltage of the capacitor.

3. Disconnect one side of the capacitor from the circuit to eliminate any parallel tesistance
path that can lower the resistance reading.

4. Keep your fingers off the conductors because the body resistance (50 Korso) connected
in parallel will lower the resistance.

5. Use highest-ohm scale,
The trouble in a capacitor is indicated by the following ohmmeter readings :

1. If meter pointer immediately goes to practically zero and stays there, the capacitor is
shon-circuited.

2. [fthepointer first goes tolowresistance side (showing capacitor charging) and then comes
up and shows a reading less than the normal, it is leaky.
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3. If the pointer does not go to low-resistance side of the scale (i.e., if capacitor shows no
chaiging action) but just goes straight to wnfinity, the capacitor is open.

4. ifthemeter pointer first moves quickly towards the low-tesistance side of the scale (showing
capacitor chaiging) and then slowly goes to infinity, it shows a good capacitor which is
supposed to have very large (atmost infinite) resistance.

5.52. Charging of a Capocitor

As shown in Fig. 5.38 (a), when Sis closed, C
the capacitor staits getting charged from the battery. __aaan, 4} %
The capacitor, however, requiies a certain amount of &
time to get fully chaiged to the battery voltage V. The
time taken depends on its capacitance (C) and the S S
resistance (R) in the charging circuit. —~"e I1 |I~— -
The time required for the charge to attain (a) b)
63.2% of its final value is called tim econstant (1) of Fig. 538
the circuit. Its value = CR and is in seconds if C
is in farads and R in ohms.

' . | 86 195
A total time equal to 5 time-constants

(= 57 =5CR) is required for the capacitor to be
considered fully charged as shownin Fig. 5.39.

In Fig. 538 (4). the fully-charged capaci-
tor can be discharged through R by closing S. In
one time-constant,the charge decceases t036.8%
of its fully-charged value. Again, in 5 time-con- ' | : 2 : I

stants. the capacitor is considered fully dis- 0 I 2 3 4 5
charged. Time Constamt Period

The increase and decrease of chaige across R~
the capacitor can be found from the Universal
Time Constant Chart of Fig. 5.39. 1t also represents rise and decay of charging and discharging
current of the capacitor respectively.

Example 5.10. A 50 pF capacitor is charged a 40 K resistor to a potential difference of 400V.
Calcutate

I. time constant of the circuit ; 2. value of full charge;
3. charge acquired in one time-constant ; 4. energy storedin the fully-charged capacitor.

Percentage Rise
and Decay

=

Sotution.
Is T =CR=50x 10%x 40 x 10° = 2 seconds
2. Full charge, @ = CV =50 x 206 x 400 = 0.02 C
3. Chaige acquired by the capacitor in one time-constant i.e., in 2 seconds
= 63.2% of full charge
= 0.632 x0.02 =0.0126 C
1

4.  Energy stored = % CV? = 7% (50 x 107°) x 4002 = 2 joules

5.53. Capocitor Connected Across an AC Source

Suppose a capacitor is connected across an ac voltage supply as shown in Fig. 5.40. It is found
that the capacitor is charged first in one direction during the positive half-cycle of the apptied voltage



Chapter : 5 : Passive Circuit Elements = 73

[Fig.5.40 (a)] and then in the opposite direction during the negative half-cycle [Fig. 5.40 ()]. Since,
it is an alternating voltage, the capacitor keeps getting charged and discharged continuously. If alamp
isincluded in thecircuit, it will continue to glow. The reason is as follows :

During the positive halfcycle of the

applied voltage, charging current flows from M N M N
] . ; H | = =1 |+
plate N to M through the exrernal circuit H = =) o
containing the lamp. It cannot flow ‘through*
thedielecwic. Dunng the negative half-cycle, 4 | AR i
current direction is reversed but it again * : %
+,.|'::_"'.-' 7 —@"‘

passes through the lamp thereby keeping it
alight. It hardly makes any difference to the (a) &)
lamp whether current through it passes fiom Fig. 5.40

left to right or right to left. It will be

appreciated that no current whether dc or ac can pass threugh a capacitor.

5.54. Capacitive Reactance

A good capacitor completely blocks the passage of direct current ‘through’ it. However. it
allows alternating current to pass ‘through’ it in the sense discussed above. In fact, what it actually
does is that it allows current to flow through the external circuit first in one direction and then in the
opposite direction at a frequency equal to the fréquency of the applied voltage. Even then, it offers
opposition to the flow of this alternating current. This opposition is called capacitive reactance (X¢)
andis given by

10489
Xce =2nCc” fC
Its unit 1s ohm.

Capacitive 1eactance varies inversely as the frequency of the applied ac voltage. Higher the
frequency, lesser the 1eactance and vice-versa. For dc voltage f=0, hence X .= 1/0 = o-. That is why
a capacitor blocks direct current and voltage.

SELF EXAMINATION QUESTIONS

A. Fillin the blanks with most appropriate word(s) inductance.
oF nu.mencal value (_8)° 8. Opposition offered by a coil having both
1. Wire-wound resistors show troublesome redctince and sdsistdfceds-called . .
.................... effects at high frequencies.

9. Higher the Q-value of a tuned circuit, greater

2. The amount by which the actuat resistance of a e

resistor may vary form its nominal vaiue is

known as the v, of the resistor. 10. As separation between the two plates of a

3. A potentiometer is used for changing the value capacitor is incieased, itS capacitanceis.............
of voltage whereas a rheostat is used for 11. For the same size, a ceramic capacitor has
changing............ T (N Weer e capacitance than a mica capacitor.

4. The first ............ colour bands of a resistor 12. Ceramic capacitors are preferable for use &
indicates the resistance vaiue of a resistor | frequencies.
whereas fourth one indicates its resistance 13. Electrolytic capacitors are called ........
cuereaneannanes . ' o CapaEilars

S. Iron cores are laminated in order to minimise

5 14. Variabl.e capacitors are f.requentiy used in
......... circuits of radio ceceivers.

oooooooooooo

6. Inductor cores which have the least core loss
even a high frequencies are made of ............ .| 15. Higher the applied frequency, ............... the
7. Unwanted inducsance in a circuit is known as rcactance offeced by a capacitor.



6.1. Primary and Secondary Cells

voltaic chemical cell is a combination of materials
't ! which produce direct-current (dc) electrical energy
its insrernal chemical reactions. These cells can

be sub-divided into the following two classes :

(@) Primary Cell. In this cell, chemical 1eactions are
irreversible. During the generation of electric energy, it
consumes matetials which cannot be replenished by recharging.
Hence. such cells cannot be recharged back to their original
condition after being discharged.

(b) Secondary Cell or Storage Celi or Accumulator.

In these cells, chemical reactions are reversible. After discharge,
such a cell can be

" restored to its

' original condition

::ﬁgem'fa- Lead cathode by passing an
(" electric  current
through it in a

. | direction opposite to
E;Ighunc that of the discharge

.4 current
~ ® ) Further po-
\ ) ints of comparison
2_;;;'5@};! ) between the (wo
+ = hydrogen ion {3 classes are tabulated
Secondary caell. given on next page.
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Primary Cells Secondary Cells
1. low cost expensive
2. small size reasonably small
3. short life comparatively long life
4. useless when discharged rechargeable
5. light weight heavies

6.2. Cell and Battery

A battery consists of two or more cells connected either in seres or parallel or both. Often,
many people call a flashlight cell a flash light battery which is technically incorrect.

6.3. Voltage and Current of aCell

The voltage rating of a cell is given by its open-citcuit voltage i.e., voltage it can produce when
not connected to a load circuit. This voltage depends on the types of materials used and not on the
physical size of the cell.

The capactty of acell is given by the amount of current it can supply to an external load circuit.
1t depends on the condition and quantity of electrolyte and physical size of the electrodes. Eveiything
elsebeing the same. a larger cell can delivermore current for a longer period of time than a smaller one.

6.4. Cell Life

1t is given by the period of time during which the cell can be stored on a shelf without losing
more than approximately 10% of its oniginal capacity. The loss of capacity occurs even when cell is
not in use and is primarily due to partial drying up of paste electiolyte and to other chemical actions
which change the materials within the cell. Since heat helps both these processes. it is advisable to
keep a cell in a cool place in order to extend its life.

6.5. Different Types of Dry Cells

We will consider the following primary and secondary cells :
(a) carbon-zinc cell
(b) alkaline cell

1. manganese-alkaline cell 2. nickel-<cadmium cell
3. mercury cell 4, silver-oxide cell
5. lead-acid cell

6.6. Carbon Zinc Cell

[t is the oldest and most widely used commercial dry cell (Fig. 6.1).
(a) Construction

1. The zinc can functions both as a container to hold the electrolyte and as the negative
electrode.

2. The positive electrode is a carbon rod down the centre but not low enough to touch the
zinc bottom,

3. The electrolyte is a paste of ammonium chloride and manganese dioxide.
($) Size and Voltage

Such cells are available in several sizes and have open-circuit voltage from 1.4 10 1.6 V,
regardless of size. Larger cells with more zinc, elecwolyte and depolarizer have a higher current
rating upto 0.25 A or250 mA. The flashlight cell has a current rating of 5SO0mA for nearly 60 hours of
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service. The cell has a height of about 57 mm () Teiminal " ) Terminal

and a diameter of about 32 mm.

Carbon-zinc bateeries are made inmany -
types having voltages of 3, 4, 5, 6,9, 13.5, }:,;Sc':im] Top seal
22.5and 45V (allmultiples of 1.5V). Insome Carbon rod
batteries, cells ase cylindrical in shape and in . (+) clectrode
others they are flat. E"‘pg::""“ e

(c¢) Operating Efficiency ‘(;:cs:‘l;s:)

Cacbon-zinc cells and batteries render
efficient service provided they are used Mix core
intermittently for short periods at a time at
relatively low currents. Such operation helps
to keep them sufficiently depolarised.

(d) Recharging
The dry cell can be recharged if cer-
tain precautions are taken :

1. voltage should not be below 1 V
when removed for service,

Paper separalor

lasulating outer
jacket

¥ig. 6.1

charging rate should be kept low and spread over 10 {o | S hours,

3. rechaiged cells should be used at one in view of their limited
shelf life.

6.7. Alkaline Cells

All those cells which use a caustic electrolyte are called alkaline cells.
We will consider

This walkrnan (3

" . poweted by batteies
3. mercury cell and 4. silver-oxide cell. ofthe primary cel type.

. 1 Typlcdlly. they have ta
6.8. Manganese Alkaline Cell be replaced every two
or three months

It is a primary cell having zinc as anode and
\ "

manganese dioxide as cathode in a leak-proof steel
Fig. 6.2

1. manganese-atkaline cell 2. nickel-cadmium cell

can (Fig. 6.2). The electrolyte is potassium hydroxide (KOH) or sodium
hydroxide (NaOH). Because of the high conductivity of the electrolyte, this
cell has higher cuirent 1ating than a carbon-zinc cell. It provides an output
voltage of 1.5 V. Some alkaline batteries can be recharged a few times and
have voltages of 4.5, 7.5, 13.5 and 15 V.

6.9. Nickel Cadmium Caell

[t is a dry cell but is rechargeable. In present.day electronics, it has
superseded both lead-acid cell and nickel-iron (NiFe) alkaline cell.
(@) Construction
Theaction material cadmium (a metal akin to zinc), in powder form, is pressed (i.e., sintered)
into perforated steel plates which then form the negative electrode of the cell (Fig. 6.3). The positive
anode is a steel mesh coated with solid nickel hydioxide (NiOH). The electrolyte is potassium hy-

droxide (caustic potash) usually in jelly fortn. The container is a steel can which is sealed after the cell
is placed in it. These cells are also available in flat button shape.
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H
i

o |L-Negative
sul Plate

(a)
Fig. 6.3 (6)

(») Voltage and Current

The open-circuit voitage of such cells is from 1.25 to 1.5 V. They have much longer life when
they are rapidly discharged at intervals. In fact, long periods of inactivity can cause the cells to fail.
Such cells need to be char'ged at constant current and can be recharged upto 1000 times or more.

These cells have very low intemnal resistance and can deliver high currents without much loss
of terminal voltage. The most common nickel- cadmium batteries have voltages of 6, 9.6 and 12 V.

Theirchemical 1eaction is given by the following equation :
Cd + 2 NiOH + 2 KOH = Cd (OH), + 2 Ni+ 2KOH

Fig. 6.4 shows the range of rectangular nickel-
cadmium (Nicad) cells and batteries. These Nicad cells
have a normal no-load voltage of 1.2 V. are capable of
high curtent loads and 1000 cycles of discharge, can
tolerate overcharge and general electrical abuse like short
circuit.

(¢) Uses

Since such cells can easily supply high curent,
they are widely used as sources of energy in radios, TV
sets, tape recorders. cameras and cordless type home
apphiance such as electrnic toothbrush or electiic carving Fig. 6.4
knife etc. They give good service under extreme condi-
tions of shock, vibration and temperature.

6.10. Mercury Cell

It is a primary cell and is widely used in miniaturised electronic gadget1y.
(a) Construction

The cathode i1s made of compressed mercuric oxide and graphite whereas anode is made of
highly purified zinc powder.,

The two are separated by a porous material. The electrolyte is a paste mixture of potassium
hydioxide and zinc oxide. The flat pallet constnuction of a mercuty cell is shown in Fig. 6.5.

{(d) Size and Voltage

Such cells are available in wide range of shapes and sizes—the smallest being about 3 mm
thick and 12.5 mm in diameter. Open-circuit voltage at room temperature varies from {.351t0 1.4 V
depending on the electrolyte mixture. With pure mercuric oxide forcathode, voltage outputis extremely
stable at 1.35 V. Mercuty batteries are availabie in a variety of voltage ratings.
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(¢) Uses
Mercury cells enjoy a long shelf life without

deterioration and are extremely rugged. “ Wound
. . Zinc Anode
Since they can provide almost constant
voltage under varying load conditions. mercury [
célls and batteries are widely used in electronic | | | Barrier
watches, hearing aids and test instruments efc.
6.11. Silver Oxide Cell v

[t is a primary cell with an open-circuit
voltage of 1.5 V. It has a cathode of silver oxide
and an anode of zinc in an alkaline electrolyte. As shown in Fig. 6.6, it is generally made in button
size for use in camer as, hearing aids and electronic watches.

Fig. 6.5

6.12. Lead Acid Cell
/~ Anode
Il is a wer secondary cell mostly used —_/ Cap

for making automobile batteries. P T R R

(a) Construction Ir" \

. [ts anode plate (biown coloured) is a o P ‘t; . =) ;g,wcdifgdc

grid made of a lead-antimony alloy into which ﬁf ' 4‘*\ A 4
is pressed the active material : lead peroxide o Bl *,| | __{;:ﬁ’ o JLT
(PbO,). The cathode is a similar plate having & \ “j J/
pure porous (sponge like) lead as active ' :
material. The two plates are immersed in a Separator—!  Bilver Oxide Seli L

solution of dilute sulphuric acid of specific .
gravity 1.21 or so. _ - Fge.

() Voltage

It has an open-circuit voltage of 2 10 2.2 V when fresh. It should not be used after its voltage
has fallen o [.85 V when it should be put on
charge. [t bas much larger current capacity as
compated to dry cells. considered earlier.

(c) Use

Principal use of these cells is in the
manufacture of portable lead-acid batteries used
in automobiles (car and motor vehicles). For car
battery, 6 cells are connected in series 10 give a
total voltage of [2 V or more. For traction
batteries, lhe vollages vary from 12 V (6 cells) to
64 V (32cells) for industrial trucks and from 30V
(15 cells) to 72 V (56 cells) for dairy and bakery
road vehicles.

6.13. Battery Rating

Lead-acid batteries are rated in terms of
discharge current, they can supply continuously
for a specified period of time. [t is usually
expressed in ampere-hours (Ah). The capacity is
A mercury cell in section. always given at a specified rate of discharge

Stee| (cathode)

Insulator

HgO in KOH and —-§
Zn(OH), '

ZinC conlainer
(anode)
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usually 20 hour rate. 1t means that a battery which is rated at 100 Ah should deliver S A of cutrent
continuously for 20 hours and maintain at least 1.75 V per cell. Of course, battery can supply less
current forlonger time or more current for a shorter time.

6.14. Testing Dry Cels

The condition of a dry cell or battery can be checked by the terminal voltage developed w/en
it is connected to a load. If this voltage is less than 80% of the open-circuit voltage, it should be
re jected. The basic reason is that a bad cell has high internal resistance which will become detectable
when cell is tested on load. Due to normal current flow, there wouid be a large intemal drop and

hence terminal voltage would drop by a considerable amount. Such would not be the case when cell
is tested on nodoad.

6.15. Photoelectric Devices

As the name shows, these devices convert lightenergy directly Metal'—\ Semiconduc tos

! A . ] ; ) Light

into electric energy. We will consider the following semiconductor & 4

devices only because they are self-generating. — 4! ll o+
. photovoltaic cell 2. solar cell =

6.16. Photovoltaic Cell RL3
tn this cell, light energy is used to create a potential difference

which is directly propottional to the frequency and intensity of the i

incident light. Fig. 6.7 shows a basic photovoltaic cell. Fig. 6.7

It consists of a piece
of senniconductor material such as selenium (Se), silicon (Si)
or germaniuim (Ge) which i1s bonded to a metal plate.

When light falls on the semiconductor, valence
electrons and holes are liberated from its crystal structure.
These electrons flow out o fthe semiconductor into the metals

whereas holes flow in the opposite direction. It creates a
‘ potential diff erence between the semiconductor and the metal
which is sufficient to cause current flow trough a load resistor

Charge in Fi
L e oo iy e Iayerrg as shown in Fig. 6.7.
Cil Hale ) o bibitr dih These.oells are gsec! in dgvnch like portable exposure
meters and directreading 1llumination meters.
A solor cell formed from a p-n Suniight
junction. wWhen sunlight strikes the Energy

solar cell it acis ke a batiery. with
positive and negative terrminals.

SN 1111 SR

.‘
6.17. Solar Cell Metal p_}__l -
[tis alsocalled solar energy con- ) Ring L“” - - l
verter and is basicallya P-N junction de | function < s
vice which converts solar energy into ) -
electric energy. g:;:’;a

(@) Construction and Working (@) : ®)
As shown in Fig. 6.8 (a), it Fig. 6.8
essentially consists of a silicon P-N .

junction diode generally packaged in TO-type can with a glass window on top. Surface layer of P-
material is made extremely thin so that incideni light photons may easily reach the P-N junction.
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When these photons collide with valence electrons, they impart them _—
sufficient energy as to leave their parent atoms. In this way, free elections -
and holes are generated on both sides of the junction and their flow r—
constitutes the minority current. This current is directly proportional to - 4
the illumination (lumen/metie2 or mW/cm?) and also depends on the size - iC
of the surface area being illuminated. The open-circuit voltage V __ is a

function of illumination. Consequently, power output of a solar cell depends . |

on the level of sunlight illumination. Power cells are also available in flat  This cakulator makes
strip form so as to cover sufficiently large surface area usa of solar energy.

The nickel-plated ting around the P-layer acts as the positive output terminal (i.e., anode) and
the metal contact at the bottom serves as the negative output terminal (i.e., cathode). The symbol is
shown in Fig. 6.8 (). Si and Ge are the most widely used semiconductor materials for solar cell

although gallium arsenide (GaAs), indium arsenide (In

'7“6* As) and cadmium arsenide (Cd As) are also being used

now-a-days.
(8) Characteristics

Typical V-I characterstics of a solar cell corre
sponding to different levels of illumination are shown
in Fig. 6.9,

Consider the characteristic for incident
illumination of 100 mW/cm? in Fig. 6.9. If we short
circuit the cell, current is maximum and equals 50 mA.
Since output voltage is zero, power output is also zero.
On open-circuit, currentis zero though output voltage
is nearly 0.57 V. Hence, power output is again zero.
For obtaining maximum power output, the cell must
be operated at the ‘knee’ of the curve.

Ouiput Current

0.6 Vot (c) Uses
Output Voltage Solar cells are being used on board satellites o
Fig. 69 recharge their batteries. Since their sizes are small, a

large number of cells are required to do the charging
job for which purpose series-parallel cell combinations are employed. For example, about 9,000
solar cells were used to charge nickel-cadmium batteries of Tiros weather satellite for around the
clock operation. Their present-day efficiency level is around 15% but it is hoped that higher efficien-
cies would be reached in the near future. Scientists are planning to orbit laige banks of solar cells
outside the Earth's atmosphere for converting solar energy into electricity. This energy would then be
sent to Earth in the form of a powerful microwave beam which would be reconverted into electricity
for terrestrial use.

Example 6.1. An Earth sateilite has 12 V nickel-cadmium batteries which supply a continuous
current of 0.5 A throughout the day. Solar cells having V-I characteristics of Fig. 6.9 are employed
io keep the banteries fully charged. If itlurnination from the Sun for 12 hours in every 24 hours is 125
mWi/cm?, determine the approximate number of solar cells required.

Solution. The circuit for the solar cell battery charger is shown in Fig. 6.18. Let there be ncells
connected in series o provide higher voltage and let msuch senes-groups be connected inparallel to
provide the necessary cuirent. Total number of cells required = m % n.

As seen from the V-I characteristics of Fig. 6.9, each cell supplies S6mA at0.45 V. If we allow
a drop of 1.5 V for series resistor etc., we need (12 + 1.5) = 13.5 V from each seties group.
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n x0.45 = 13.5 Ah

or n = 13.5/0.45 = 30
§ S6mA A 56 mA lsemn | |

TN D =
YRR RN, .

—

~

-

:noCells : M-rows |I 135V 12V ';:r__ tl:le:tﬁ?y
D D D

— S o=
AN 1574 LS (5 K‘_f/)

¥ v
N " J
Soiar cells
Fig. 6.10

Obviously, this much charge must be put back into the battery by the solar battery charger.
Since solar battery itself is illuminated for only 2 hours per day, it must provide a charging current of
12 Ah/12 h= 1 A. Since each row can supply only 56 mA = 0.056 A.
m x 0056 = 1 or m=1/0056 =18
Hence, total number of solar cells needed to make up the required solar battery chaigeris
= nXn=18 x30 =540

CONVENTIONAL PROBLEMS

1. A 1S5 Vcabonzincdry cell is connected across a load of 1000 Q2 Calculate the cutientand power
supplied by it. [1.5mA ; 2.25 mW]

2. A6 Vleadacid has an internal resistance of .01 Q. What would be the short-circuit current of the
cell ? Will you be able to get it in practice ? [600 A, Ne]

3. A lead-acid battery discharges at the rate of 5 A for 20 hours. (@) How much charge musi be put
back into the battery to restore its orginal charge assuming 100% efficiency ? (») How long will
this charging take place if chacging currentis 2.5 A ? [(a) 100 Ah or 36 x 10*(5) 40 h]

4. The output voltage of a Ni-Cdbattery diops from 12 V at zero load to 11.95 V with a load current

of 5 A. What is the intemnal resistance of the battety ? [0.01 Q]
SELF EXAMINATION QUESTIONS
A. Fill in the blanks with most appropriate 6. leadacid cell is a wet .............. cell because it

word (s) or numerical value (s). can be recharged.

1. Devices which convert light energy directly into 7. The working of a photovoltaic cell depends on
electiic energy are called ........... devices. contact between a................. and a metal.
2. A.........cellis one that cannot be recharged. 8. A solar cell is essentially aP-N ............ :

A batiery consists of a number of ................ : B. Answer True or False

4. For increasing the shelf life of a cell, it is advis 1. Chemical reactions in a secondary cell are
ableto keep itin a ........... place. revessible.
S. Nickel-cadmium cell is a dry cell but is 2. The capacity of a cell depends on the physical

rrrrrrrrrrrrrrrr

siac of its elecwodes.
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3.

10.

11.

13.

A larger cell can deliver more current for a
longer period of me than a smaller one.

Nickel-cadmium cell isthe example of a dry
but rechargeable cels.

Mercury cell provides almost constant voltage
under varyitig load conditions.

Silver oxide cells are generally made in the
button size.

Battery rating is generally expressed in Ah,
Itisbest to test diy cells on no-{oad.

Photoelectric devices convert light energy
directly into electric energy.

Solar cell converts Sun’s heat energy directly
into electiic energy.

The current produced by a solar cell depends
only on the solar illumination.

Silicon and germanium are the most widely-
used semiconductor matenials for a solar cell.

C. Multiple Choice items

Io

The output voltage of a lead-acid cell is about

Wrvvreer, . volt.
(@) 1.5 (b) 2.2
() 125 @ 6
2. The current delivering capacity of a cell
depends on
ANSWERS
A Fill in the blanks
1. photoelectric 2. primary
S. rechargeable 6. secondary
B. True or False
I. T 2 T 8. T
8 F 9. T 10. T
Ce Multiple Choice Itents

1.b 2.d 3. a 4, c 5. ¢

7. semiconductor

{a) condition of the electroiyte
{b) quality of the elecliolyte

(c) physical size of the electrode
(d) all the above

Which of the following is a dry but
rechargeable cel] ?

(a) nickel-cadmium cell

(6) mercury cell

(¢) lead-acid cell

(d) soiar cell

Rating of a battery is usually expressed in
() joule

(d) amperes

(a) wan-hour
(c) ampere-hour
Construcsonally, a solar cell consists of
(a) a semiconductor bonded to a metal
(b) a piece of silicon

(c) P-N junction

(d) photoemissive material

For cbtaining maximum power from a solar

cell, it should be operated on
(@) level pan {b) knee
{c) falling pottion

{d) any part of its V-1 characteristic.

3. cells 4. cool

8. junction

S5 T 6. T 7.T
12. F 13. T



7.1. Magnetic Materials

ifferent materials can be classified as either magnetic
D materials or non-magnetic materials (air, glass, wood,

paper, porcelain, plastic and rubber etc.). However,
itshould be noted that even though these non-magnetic mate-
rials cannot be magnetised, they allow the magnetic flux to
pass through them. Magnetic materials may be further sub
divided into following three groups as regards their magnetic
properties :

I. Ferromagpetic Materials

These are the most impoitant magnetic materials used
in Electricity and Elecwonics. They are easily and strongly
magnetised inthe same direction as the field. They have high
value of relative permeability from 50 to S000 i.e..they conduct
magnetic flux 50 to S000 times more easily than air. Most
commonly used ferromagnetic materials are : iron, steel, nickel,
cobalt and commercial alloys such as alnico, permalloy and
supermalloy.

Alnicois a trade name for an alloy of aluminium, nickel,
iron and cobalt. Permanent magnets made of alnico are
commonly used in motors, generators, loudspeakers,
microphones and meters etc. Permalloy (nickel and iron or
cobalt, nickel and iron) has a relative permeability of the order
of 100,000. Similarly, supermalloy is an alloy of nickel, iron,
molybdenum and manganese.

2. Paramagnetic Materials

They become only slightly- or weaklymagnetised in a

e 02

o o
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11,
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13.
14.

Magnetism
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magnetism

Magnetic Materiqis
Ferrites

Types of Magnets
Demagnetising or
Degaussing
Magnefic Shielding

Magnetic Terms and
Units

Ohm's Law for
Magnetic Circuit

Transformer
Transformer Walking

Transformer
impedance

Can a Transformer
Operate on DC ?

RF Shielding
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strong magnetic field in the same direction as the field. They conduct magnetic flux only slightly
better than vacuum (or air). This gioup includes aluminium, chromium, platinum and manganese etc.
Their relative permeability is slightily greater than one.

3. Diamagnetic Materials

These include bismuth. antimony, copper, zinc, mercury, gold and silver which have arelative
permeability of less than one i.e.. they conduct magnetic flux less readily than air. They are also
slightly magnetised but in a direction oppesite to that of the magnet ising field.

7.2. Fernites

It is the name given to the recently-discovered ceramic materials that have the ferromagnetic
properties of iron. Fertites are made first by grinding a combination of iron oxide and an alkaline-
earth material such as barium into a fine powder. This powder is then pressed into the desired shape
and baked at a high temperature. It produces magnetic material which is highly magnetic having a
relative permeability in the range 5¢ to 3000.
However. unlike iron, it is an insulator so far as
electric conduction is concerned. Like alloy
magnets, ceraniic magnets can also be shapedinto
any desired shape. Petmanent ceramic magnets
are used as gasket latches on refrigerator doors.
Ferrite coies (usually adjustable) are used for RF
transformiers upto 20 MHz frequencies. Another
application is ferritebeads. A bare wire is passed
through one or more fertite beads (Fig. 7.1). When current is passed through the wire, a magnetic
field is produced. This field is concentrated by the beads into the wire which serves as a simple and
economical RF choke.

7.3. Types of Magnets

All magnets may be divided into {{) permanent magnets and ' Ferrite Bead

(¢t) electromagnets. . O 'm.._

1. Permanent Magnets (PM) Fig 7.1

Once magnetised, they maintain their magnetic strength almost

indefinitely. They are made of hard magnetic materials such as cobalt steel which is magnetised by
induction in the manufacturing process. A very strong field is needed for this purpose. When
magnet sing field is removed, cobalt steel retains most of
itsinduced magnetism due toits very highretentivity. Other
bigh-retentivity materials are alnico and permalloy elc., N e e st g v

which are used in PM loudspeakers. As the name indicates, % ! et N @
permanent magnets will last indefinitely if not subjected '
to high temperature, to physical shock or to a strong
demagnetising field. Moreover, they donot get exhausted
with use.

2. Electromagnets

They consist of a coil of wire wound over a soft iron
core. When current is passed through the coil, i1t produces a
magnetic field which magnetises the coreinto a bar magnet with
polarities as shown in Fig. 7.2. Mote cutrent and mote tums
produce a stronger magnetic field which results in a stronger T QT copper wires in its
electromagnet When current is switched off, field disappears gjectromognets.

Ferrte cores are used for RF transforrners
upto 20 MHz frequencies.
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and the iron core is no longer a magnet. This ability of an electromagnet 1o provide a strong magnetic
force of attraction that can be turmed OFF and ON has found many applications in lifting magnets,
buzzers, bells, homs, 1elays and magnetic circuit breakers etc. A relay is just a switch with contacts

which are opened or closed by an electromagnet. Another application of electromagnets is in the
magnetic tape recording.

74. Demagnetising or Degaussing

Though magnetism is useful, still there are times when need arises toremove magnetiism from
certain objects. For example, wrist watches made of magnetiic material will not keep correct time if
they become magnetised. Similarly, metal cutting tools such as drills and reamers become magnetised

due to Earth’s magnetic field and start attracting metal chips and filings. This causes them 10 become
dull in due course of time,

Such objects can be demagnetised by using a demagnetiser which consists of a mult+tum coil
carrying altemating curtent. When the objectto be demagnetised is ptaced inside the coil, the alignment
of i molecular magnets is destroyed by the alternating magnetic field of the demagnetiser.

A permanent magnet may be demagnetised by beating it to a high temperature or by hammering
it,

7.5. Magnetic Shielding

There is no known shield against magnetiism i.e.. there is no material which does not allow
magnetic flux to pass through it. In other words, there is no magnetic insulator However, some
materials have greater petmeability than others. For example,
iron aliows magnetic flux to pass through more easily than air.
This fact is made use of in protecting a certain object against A
the disturbing magnetic field of a nearby component. Suppose
we want to protect or shield a meter from the unwanted mag

netic field of a neighbouring magnet or Earth's magnetic field.

It can be done by surrounding the meter by aring of soft iron V
or any other fermomagnetic material as shown in Fig. 7.3, The v
magnetic flux finds it easier to pass through the ring than air Fig. 7.3

thereby causing no disturbance to the woriding of the meter.
This action is called shielding.

7.6. Magnetic Terms and Units

Following terms are commonly used while discussing the subject of magnetism and
electromagnetism.

1. Magmetic Flax (@)

The entire group of magnetic lines of force coming out of the N-pole of a magnet is called
magnetic flux Fig. 7.4).

Unit. Unit of magnpetic flux is weber A/‘
(Wb). N S - e— >

2. Fiux Density (B) =—= &A=, Fa .

It is given by the flux incident g ¥ = >

normally on a unit area As shown in Fig.

b
7.5, if a magnetic flux of @ webers falls . B=_g;
perpendicularly on an area of A m? then flux Magnetic Flux
density is givenby Fig. 74 Fig. 7.5
P
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Unit. Obviously, the unit for flux density is weber/metre? (Wb/m?) which is also called Tesla
(T).

3. Magnetic Field Strength (H)

It ss also called intensity of magnetic field or (more commonly) magnetising force. As we
know, each magnet has its own magnetic field consisting of lines of force which start from its N-pole,
pass through the surrounding medium, re-enter the S-pole and complete their path from S to N-pole
through the body of the magnet. When a magnetic material is placed in the magnetic field, it becomes
magnetised whereas non-magnetic materials remain unaffected.

The strength of a magnetic field at any

point is measured by the force experienced by — . N

a N-pole of 1 Wb placed there. A uniform - 2 i ====:
magnetic field is one whose stiength remains - : )
the same evetywhere (Fig. 7.7). It is repre- : .
sented by equally-spaced skraight lines of flux. Fig. 7.6 Fig. 7.7

Unit. The unit of H is newton/weber
(N/Wb). It is the same thing as an ampere/meter
(A/T) which is sometimes written as ampere-turn/meter (AT/m).

4. Magnetising Force of a Solenoid

As shown in Fig. 7.7, if L is the length of the iron core, the value of magnetising force
produced by the electromagnetic is

H=¥A}morAT/m

5. Permeability

1tis the ability of a magnetic material o conduct magnetic flux through it. If it allows the flux
to pass through more easily or readily, it is said to have greater permneability. The permeability of a
substance is measured both in absolute terms and in relative terms with respect to vacuum (or
approximately, air).

(a) Absolute Permeability (i)

Suppose there is a uniform magnetic field of strength & established in air as shown in Fig. 7.8.
Further. suppose that a bar of a magnetic material, say, iron is placed in it as shown in Fig. 7.9. The
iron bar gets magnetised by induction. Suppose. it develops a polarity of m weber. Then. induced flux
developed by it is also 11 weber. The lines of induction flux emanate from its NV-pole, go around and
re-enter its S-pole and then continue from S- to N-pole within the magnet as shown in Fig. 7.9.

- - '-O'—_.:F o -

:- E - L/ < -

5 : Tt = P—tr =

:"__ : e < ® -l--—-"‘"=:“"_=

® e - _: e : S -
Fig. 7.8 Fig. 7.9 Fig. 7.10

These lines are seen to be in bpbosition to the lines of force of the main field 4 outside the
magnet but in the same direction within it. The resultant field is shownin Fig. 7.10. If @ is the total
flux+ passing through the bar and A is its pole area. then flux density within the bar is

1)
B = > tesla or Wh/m?

The absolute permeability of the bar is given by

B flux density
}1 =1—0=

H  magnetising force

» There are two fluxes : ooe due 10 # and the other due 10 induced sagnetism,
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Its unit is henry/metre (H/m).
Also, B = A tesla

(b) Relative Permeability (u,)

The absolute permeability of vacuum is denoted by |4; and has been allotted the value of
41 x 10~ H/m. Permeabilities of all other magnetic materials are expressed in terms of the absolute
permeability of vacuum which has been selected (by mutual agreement) as the reference medium.

Suppose a certain medium has an absolute permeability of p. Then, its relative permeability
(4, ) i.e., permeability as compared to vacuum is given by

iU absolute permeability of medium

h, = He ~ absolute permeability of vacuum
Being a mere ratio of two similar quantities, it has no unit.
Also L = HoH,
As an example, suppose mild steel has a relative permeability p. = 400. Then, its absolute
permeability is given by
1 =Yy i, =4nx 107 x 400 H/m
= 16x x 1073 H/m

It is universal practice to give relative permeabilities of vanous media since 1 can always be
found by multiplying p, with y  which is a universal constant.

6. Retentivity

11 is the ability of a material to hold its magnetism after the magnetising force has been
removed. Materials having high retentivity make good permanent magnets.

7. Hysteresis
Suppose the exciting coil of an electromagnet is energised by a |I || |' ﬂ || / |I

source of altermating current (Fig. 7.11). As the current reverses its

direction of flow through the coil, the flux also reverses its direction. ; v

Hence, the cote also undergoes reversal of magnetisation. But it is 4 '
. . ] ac. souice

found that magneusation of the core does not reverse as quickly as the N

reversal of flux i.e., the two are not in step with each other. This L

phenomenon is called hysteresis and is due to the retentivity of the Fig. 7.11

magnetic material of the core.

Hysteresis leads to net loss of energy which is called hysteresis loss. This loss depends directly
on

(i) maximum flux density B__ established in the core
(i) frequency of reversal of magnetisation.

8. Permeance
1t is the reciprocal of reluctance and resembles electrical conductance. 1ts unit is henry.

9. Reluctivity
1tis specific reluctance and comresponds to electrical resistivity which is ’specific resistance’.

7.7. Ohm'’s Law for Magnetic Circuit

In Fig. 7.12 (a) is shown a magnetic circuit having iron path only, whereas in Fig. 7.12 (&)
there is a small air gap in the circuit. Like electric circuit, a magnetic circuit also has three quantities
interconnected by a law similar to Ohm’s law.
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The three quantities are : g T o4 T

1. Magnetomotive force (MMF) =

It resembles voltage or electromotive force
(EMF) in an electric circuit and is responsible for
producing magnetic flux in a magnetic circuit. Its
value is given by the product of current through iy —— e
the coil and its number of turas i.e., N1. Its unit is EFlux Air Gap
ampere-tum”. (@) (&)

2. Magpetic flux (@) Fig. 7.12

It resembles current in an electric circuit. [t consists of magnetic lines of force and its unit is
weber.

3. Reluctance (8S)

[t resembles resistance in an electric circuit. [t represents the opposition wbicb a core offers to
the production of flux through it. Its value is

! [
S = =
HA Mo uA
Its unit is 'reciprocal’ henry :.e., per beny.

Ohm's law for magnetic circuit is

ik o b o A ey

reluctance S

1 —-N—Ihweber=;-1—NA—I weberzuou’N’“ weber
—Hp A !

Example 7.1. A mild-steel ring having a cross-sectional area of 5 cn? and amean circumference
of 40 cm has a coi! of 200 turns wound unifiormty around it. Calculate

(1) reluctance of the ring
(i) current required to produce a flux of 800 It W in the ring.
Take relative perneability of mild-steel as 380.

j——— —

. . { I
Solution. (f) Sp— - i =1.675 % 10° henry!
Hol,A 4nx10~ x380x(5x10™%)
1 [/ e 200 x 7
Now, D= — s 800 %107 = 1=67 A
(n:Now S 1675 x 10°

7.8. Transiormer

It is a static (or stationary) piece of apparatus that

1. transfiers electric power from one circuit to another
baving mutual inductance with it.

2. Does so without change of frequency.

3. Does it by electromagnetic induction.

Constructionally, transformers may be either isolation
transformers (with electrically-insulatedpii mary and secondasy
windings) or autotransformers (with electrically-connected

primary and secondary windings). The two are shown in Figs.
7.13 and 7.14 respectively.

Autotransformet

¢ Stictly spealang, it sbould be ampere only becsuse turn has no unis.
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The two-winding isolation trans- . © - »
former may be further subdivided into
({) core type transformer ....... P O/P P §
in which the windings surround a con- £ orp
siderable part of the core ( Fig. 7.15). o X 3 1‘.\ 2
(@) shell type transformer ........ Primary Secondary Secondasry —
in which the core surrounds a consider- Fig, 7.13 Fig. 7.14

able part of the windings (Fig. 7.16}.

As seen, core-type transformer is made up of a package of thin rectangulas silicon steel
laminations. Each lamination is coated with an insulating vamish and the total core pressed together.
The primary and secondary windings are placed on each side of the common core (Fig. 7.15).

o—] Eu—ﬂ
- — 3 !—I a
e i = T o
Core Type Shell Type
Fig. 7.15 Fig. 7.16

The shell type constiuction also consists of similar laminations. The two windings are wound
in layers and fit over the centre section of thecore as shown in Fig. 7.16.

Functionally, the transformers used in electronic circuits can be classified according to the
frequency range over wbich they operate such as :

1. Audio Frequency (AF) Transformers

They are designed to operate over the
audio frequency (AF) range of 20 Hz to 20 kHz,
have laminated core and are usually smaller than
power transformers. They are primatily used for
impedance matching and, in some cases, for
voltage amplification. Two such typical
transformers are shown in Fig. 7.17. Such
transformers are usually designated according to
their applications as input or output transformer,
microphone transformer, modulation transformer and interstage transformer etc. Usually, they are
rated by their pnmary and secondary impedances and current-carrying capability.

2. Radio Freqaency (RF) Transformers

They are designed to operate at high frequencies (above audio range) and are referred toeither
as intermediate frequency (IF) transformsers or radio frequency transf ormers. They may haveair core
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or ferrite core (mostly adjustable). Most o fthe RF transforiners have either one or both of the windings
tuned i.e.. incon junction with capacitor, they form aresonant circuit which works best atone particular
firequency.

Fig. 7.18

3. Power Transformers

Usually, they have laminated core and have one primary winding but several secondary windings
insulated fiom each other (Fig. 7.18). They are commonly used in the power supply of electronic
equipment and provide various ac voltage necessary for the production of dc voltages. Typical
transf ormers of this type are shown in Fig. 7.18.

— Flux @
1.9. Transformer Workin = e,
1. |{ Yo
: §_ v 1 ]yl il -2

Consider the core-type transf ormer shown in Fig. " LJI.
7.19. It consists of twohighly inductive coils which are Vi 1 N, e E’c Ri
electrically separate but magnetically liqked thmugh-an o = '“lT Seeoi
iron core of low reluctance. The two coils possess high . ™% [\ - ——————,
mutual inductance. If one coil is connected to source of | Core

altemnating voltage, an alternating flux is set up in the Fig. 7.19

laminated core most of which is linked with the other

coil. Hence, mutuallyinduced voltage is produced in the second coil. If the second coil circuit is
closed, a current flows in its and so electric energy is transfered (entirely magnetically) from the first
coil to the second coil. The firstcoil in whichelectric energy is fed is called primary winding and the
other from which energy is drawn out is called secondary winding. Whether secondary voltage V , is
more or less than primary voltage V, depends on the tum ratio of the transformer. It is found that

Ya_
i N
[f N,> N,, then V,> V, and the transformer is called step-up transformer, since it steps up the
input primary voitage. If N, <N, then V, <V, and the transfoimer is called stepdown transformer.

Voltage transformation ratio (K) of a transformer is given by V.V,

V., N
K:‘_2=_2
i N

As seen, voltage transf ormation ratio equals the tum ratio.

or V,=KV,

Assuming an ideal transformer and equal power factor for both windings,
input power = output power

h _w_1

L% X
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[tis obviously from the above that a transformer which is step-up for voliage is step-downfor
current. If voltage is increased five times, current becomes one-fifth because output power has to
equal the input power (in an ideal case). It means that current ratio is 1eciprocal of voltage ratio.

Suppose, we have transformer with N, =100 andN,=600. LetV, =200V and /, = 3 A. Then,

k=0_9_g V,=KV,=6x200= 1200 V
AT 2= AV =0 X AN
I, =1/K=3/6=05A

[tis seen that secondary voltageis 6 times the primary voltage but, at the same time, secondary
curient is one-sixth of the primary current.

P, =200 x3 =600 W: P,=1200x 0.5 =600 W
As seen, the two powers areequal.

It is worth noting that whatever the actual value of primary and secondary volts, the voltage/
turn is the same in both windings. In the above case

Primary volts/tusn = 200/100 =2 V;  Secondary volts/turn = 1200/600 = 2 V
The two values are equal even though V, and V, are themselves unequal.
7.10. Transformer Impedance

Each transformer winding has its own resistance, inductive reactance and hence impedance.
As shown in Fig. 7.20,

Primary impedance, Z, = \/ R? + x1 ; Secondary impedance, Z, = \/Rzz ¥4

Another very interesting thing about these impedances is that they assume different values
when viewed from the other winding. For

example, when Z, is viewed from Z) : S Z, :
primary winding, it assumes a value Z,’ &_fwm_“_l— i /PP O L&
= Z, / K% But, when Z, is viewed fon v, R, X, R, X, v,
secondary, it appears to have a value of — ”
Z,'= K°Z . Thisfactis made use of in the Primary ce—— Secondary

working of an impedance-matching

transformer (Art. 7.14). Fig. 7.20

Example 7.2. A power transformer has 100 primary turns and 600 secondary turns. If
primary voltage is 120 V and full-load primary current is 12 A, find secondary

(i) voltageV, and (ii) currentl,.
Solution. Here K = N,/N, = 600/100 = 6
() V,=KV,=6x120=720V; (i) L,=14/K=12/6=2A

Example 7.3. A low-voltage soldering rod taking 40 A at 12 V is 1o be operated from the
secondary of a 240 V transiformer. Calculate

(§) turn ratio of the transformer and (it) primary current.
B2 _ 1 N1

V, 240 20 TN, 20
Obviously, it is a step-down transformer having X = 1/20

|
if) I =KI,=—x40=2A
() 1 2 20

Solution. ()
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7.11. Can a Transformer Operate on DC ?

A transformer cannot operate on a steady or unchanging dc voltage such as that of a battery. It
requires a voltage which 1ises and falls, Since an ac voltage not only changes its magnitude but its
direction as well {Fig. 7.21), it is used to operate the transformers.

However, a transformer will operate from dc voltage if this voltage also undergoes changes.
Transformers used for audio amplifiers

work on puisating dc voltage (Fig. 7.22).
Mainhing which causes the ransformer
to work is the change in voltage. It is /\ / \
Q: ¥ ¥ ; 0
/

immaterial whether the voltage changes
from positive to negative values as in

Fig. 7.21 or from positive to zero values

asin Fig. 7.22 (it could. in fact, be from
minus to zero values as well).

7.12. RF Shielding

Coils are often encased in a metal cover, usualty of copper or aluminium, in order to protect
them from external varying flux of RF currents. Otherwise, unwanted eddy currents would be
induced in them. Purpose of RF shielding is different from magnetic shielding (Art. 7.5) which
protects against steady flux only. The shield cover not only isolates the coil from external varying
magnetic fields but also minimizes the effect of coil’s own RF currents on other external circuits.

7.13. Autotransformer

It is a transformer with one winding only, pait of it being common to both primary and secondary.
Here. primary and secondary are not electrically isolated from each other as is the case in a 2-
winding transformer. However, it theo1y and operation are similar to that of a 2-winding transformer.
Because of one winding, itis compact, efficient and cheaper

=

\/

Fig. 7.2} Fig, 7.22

> E‘ 2
Il
v v
e R R B~
v, T :: V,
g L L L
o a 4 3 < !

(@) ()
Fig. 7.23

Fig. 7.23 (@) shows a step-up autotransformer whereas Fig. 7.23 (b) shows a step-down type.
As with other transformers, this step-up or step-down 1atio depends on the tum ratio between the
ptimary and secondaty. Fig. 7.24 shows an audio output stage of an automobileradio thatuses a step-
down autotransformer.

Such a transformer is also used as an adjustable transformer for both stepping up or stepping
down the input voltage (Fig. 7.25). It is often used for a light dimmer or for adjusting powerto aradio
transmitier.
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300V
20V
180 V
220V 120 V
[nput O
60V 0300 V
Output
oV
- L Speaker ) | o
Fig.7.24 Fig. 7.25
Example 7.4. High-valtage
. transmission line
The primary and sec- , _
ondary voltages of an #ir) iy Step-down
Step-up . 5 Ste wandt ;
autotransformer are foge \ p-up ransfarme

plant trunsformer A \transformer

500 V and 400V

respectively. Show on _— v | -

a diagram, the current - 4 A i | R / ! m
distribution in the oy / ‘ e SR e / [
trans former if second- i J |

ary current is 100 A. 12000V 240000 V 8000 V 240 V

Transformers play an imporntant role in the transmission ot electiic power.

400/500 = 0.8 O_EO’A
5 = 100A -—given
I, = Ki,

= 08x100=80A

As seen, current in the common poition of the 3MV =
winding is 20 A. Circuit diagram is shown in Fig. 7.26. T
20 A

7.14. Impedance Matching

For maximum transfer of power from one circuit 80 A 100A
to another the two should have equal impedances (Art. -
4.9). If they do not have equal impedances, a transf ormer Fig. 7.26
with suitable tum ratio can be used to achieve this |
impedance match. In electronic circuitry, it often becomes necessary to connect a circuit of high
output impedance to one of low input impedance*. What it teally means is that a certain circuit
working at a high voltage but low current (hence high impedance) has sometime to be coupled to
another circuit which requires lower voltages but higher current (hencelow impedance). If two such
circuits are coupled directly, energy transfer will not be maximum. In such cases, a transformer is

used as an impedance-matching device because it can do the job of increasing or decreasing the
voltages and currents vety efficiently.

Suppose a circuit of output impedance 300 2 is %0 be coupled to a circuit of input impedance
3 Q. The tum-ratio (N,/N, ) of the wransformer should be such that when 3 Q impedance in its secondary

ey

Here,

100A

400 V

* Usually, ahighervohage low-current circuit is celled a high imgedance circuit, while alow~oltage highercunent
one is referced to as low-impadance ciccuit
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ts viewed by its primary, it should appear as 300 2. Now. when viewed from primary side, a 3 Q
resistance is seen as equal to 3/ KC? (Ar1. 7.9).

Hence, for equal matching -22— = 300
K

K =J1/100 = 1/10 oy ol
N 10
[t means that secondaty turns should be one-tenth the prrimary tums. Often, autotransformers
are also used for impedance matching puzpose.
Example 7.5, A transformer is required to match the 400 S output impedance of a transistor
power amplifier to a 4 §2 speaker coil. What should be the wurn ratio?

Solution. Obviously, the transformer primaty would be fed from the amplifier whereas the
secondary would be connected to the speaker.

K =2,12, =J47400 =1/10 . N, IN, =1/10

CONVENTIONAL PROBLEMS

t. A coil of 300 taros and resistance 20 Qis wound unif ormly on an iron 1ing of mean circumference
50 cm and cross-sectional area 4 cm?2. It is connected to a 24 V de supply. Under these conditions,
the relative permeability of iron is 800. Caiculate the values of

(@) mmf of the coil (b) magnetising foroe
{c) total flux in iron core (d) reluctance of the iron ring
[(a) 6000 AT () 1200 AT/m (c) 0.483 mWD (d) 1.24 x 10° H:
2. A magneltic circuit consises of an iion 1ing of mean circumference 80 cm with crosssectional aica

12 cm? throughout. A current of 2 A in the magnetising coil of 200 tums produces a total flux of
1.2 mWb in the iron. Calculate

() flux density in iron
{tt) absolute and relative pexmeability of iron
(éi1) reluctance of thecircuit [(@) 1. Tor Wvm? (b) 0.602, 1590 (c) 3.33 x 10° heary™]

3. A stepdown uransformer with a voltage step-down ratio of 20 has 6 V across 0.3 Q secondary.
Calculate (1) secondary current and (i) pnmary current. [(:)20 A (ii) 1 A)

4. A stepdown transformer with 10 : 1 tum rado is connected to 220 V, 50 Hz ac supply mains
(a) What is the frequency of secondary voltage ?
(b) How much is secondary voltage ?
() If secondary load is 100 £2, what is the secondary current and primary current ? Assunie 100 per

cent efficiency. [(a) 50 1Lz (b) 22V (c) 0.22 A ;0.022 A]
SELF EXAMINATION QUESTIONS
A. Fill in the bfanks with most appropriate §. Unit of magnetic flux density is ............. :
word (s) or numerical value (s). 6. Ratioof Band Hiscalled .................. perme
1. Eventhough wood is a non-magnetic matenial, ability.
it allows magnetic ........ . lo pass through.

. 7. Unit of magneto-motive force is ......... .
2. Ferromagnetic matenials/have high value of

: O poiooa is reciprocal of reluctance.
relative ............ ;

9. An autotransformer has only .................... :

3. Alnicois used for making permanent magnets 2
winding.

because it has high ............ :
An impedancematching transformer couples

4. Ceramic material which has ferromagnetic 10. nped
- two circuits of unequal .......... .

properties of iron is called .......... ;




8. Answer True or False

1. Cobalt is a ferromagnetic material

2. Gold is diamagnetic whereas silver is 6.
paramagnetic.

3. Ferutes have permeability of less than one.

4. Cobalt steelis ideal for making electromagnets.

§. Demagnetising mcans the same thing as
degaussing. 7.

6. All transformers work on the principle of
mutual inductance.

7. In autotransformers, electric energy 1is
transferred to secondary only by induction.

8. Transfonmers can be used for coupling a high- 8.
outpul impedance circuit to a low-input
impedance circuit but not vice-versa

C. Multiple Choice Items

1. A pennanent magnet will not ataact
(a) steel (b) mnickel 9.
(¢) aluminium (d) copper

2. Magnets made of low-retentivity but high
petmeability iton are called
(a) electromagnets
() pennanent magnets 0.
(c) weak magnets
(d) one-pole magnets

3. Theunit of magnetising force is
(a) ampere/mene (6) newton 1.
(c) tesla (d) ampere

4. Working of a transformer esscatially
depends on
(a) self-inductance
(4) mutual inductance
(¢) magnpetic circuit (d) magneutic flux 12.

5. Radio frequency transformners often employ air-
oore coils in order to
(a) eliminate core loss
(b) rteduce coil weight

ANSWERS
A. Fill in the blanks
1. flux 2. permeability 3. retentivity
6. absolute 7. ampere 8. penneance
B. True or False
LT 2 F 3. F 4. F S..ED g
C. Muitipie Cholce Items
1. d 2. a d.a 4% S a . b
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INl.a 12.c

(c) cutimitial cost
(d) eliminate winding labour

A transfoimer has 1 800 pritnaty tums and 560
secondaty tums. If primary voliage is 280 V,

secondary voltage would be ........, volt.
(a) 400 (p) 100
(¢) 800 (d) 50

K a$5: 1 stepdown audio transformer has a
primaty current of 20 mA. the secondar y current

would be .............. mA.
{a) 4 () 500
(c) 100 (d) 0.8

Basic requirement for the operation of a
teansformer is that its input primary voltage must
be

(a) altemating (b) sinusoidal
(c) changing (d) pulsating

If a citcuit of output impedance 400 Q is to be
coupled (o acircuit of input impedance 4 £2, its
prmazty to secondary turn ratio should be

(a) 1410 & 10
(c) 100 (d) 1/100

RF shielding of a coil is primarily meant to
protect it from external

(@) elecmic fields (b) magnetic fields
(c) varying magnetic fields
{d) dust and heat

An autotransformer consists of 200-turn
winding connected to 200 V ac supply mains.
Forgetting 24 V output. the winding should be
tapped at tum number

(@) 24 b) 12
) 100 (d 72

The main purpose of laminating a transformer
core is lo decrease its

(@) electrical resistance
(b) reluctance

(¢) eddy current loss
(d) hysteresis toss

4. ferrite 5. tesla

9. one 10. impedances
7. F 8. F
7. ¢ 8. ¢ 9. 5 10. c
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produced by a voltage source whose terminals have

fixed polarity i.e., whose poles do not change their
polarity with time. Hence, they provide a current whose
direction flow does not change with time. However, this direct
current may be steady (constantin value as in Fig. 8.1 (a) or
fluctuat:ng (pulsating as in Fig. 8.1 (b) or may be intertupted
into short pulses as shown in Fig. 8.1 (¢). Main pointis that iis
direction of flow remains the same i.e., from the positive
terminal of the voltage source to its negative terminal.
Examples of voltage sources are : electric cell, battery and
d.c. generators etc.

S o far we have considered direct current (dc) which is

Altermating current (a.c.) is produced by a voltage
source whose termina) polarity k eeps alternating (or reversing)
with time., What was the positive terminal at one instant
[Fig. 8.2 (a)] becomes negative terminal some time later and
what was negative terminal at one instant [Fig. 8.2 (5)] becomes
positive terminal at some other instant?

As aresultof constantly-reversing polarity of voltage
source, the direction of current flow in the circuit also keeps
reversing as shown in Fig. 8.2. In addition to reversing its
direction, current keeps changing in value with time-from
zero o maximum in one direction and back to zero and then
from zero to maximum in the opposite direction and again
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back to zero. [t is obvious that an alternating voltage source
will cause an alternating current.
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It may be noted in passing that ‘a.c.” electricity is
not °better’ than ‘d.c.” electricity as some people feel.
Alternatiing voltages and curtents bhave their own fields of
application which d.c. does not have and vice-versa. Any
way, itis important to keep inmindthata.c. does not replace
d.c. A.C. is commonly used i electronic circuits most of
which are, however, controlled by d.c. voltages.

The most common source of alternating voitage is
the alternator or a.c. generator.

1

W -

‘ -
+ -
AC fa 3
Volta.ge(:)'- l é A + ? % :
~ Source

- =

(@) (»)

Fig. 8.2
8.2. Types of Alternating Waveforms

The alternating voltages and currents can bave

different waveforms or wave-shapes as shown in Fig. 8.3. These waveforms are obtained by plotting

the instantaneous values of voltage or curtent as

ordinate against time as abscissa.

Fig. 8.3 (a) shows a sine wave because it is
obtained by plotting a sine function. Fig. 8.3 ()
depicts a triangular waveform whereas Fig. 8.3 (¢)
shows a square waveform and Fig. 8.3 (d) illustrases
a complex waveform. Another point worth noting is
that alternating quantities may or may not be
symmetrical t.e., their positive and negative, balves -V I
may or may not be identical. All the waveforms
shown in Fig. 8.3 represent different types of-
alternating voltages which are symmetrical.

Since sinusoidal a.c. i.e., an a.c.
baving sine waveform is most impo1tant,
we will discuss it in some detail. But it
should be noted that a wavef orm may be
sinusoidal butnot symmetrical and vice-
versa. Fig. 8.3 (a) shows a waveform
which i1s both sinusoidal and
symmetrical. However, the waveforms
shown in Fig. 8.4 are sinusoidal but non
symmetyical. InFig. 8.4 (@), negative half

+Vr +VF
0 T 0 /\
-V L : \j/ -V L \/_ﬂ
' (a) (b)
+V = +V
0 0
vi =Nt

(@

[\

(a) (%)

Fig. 84

is diff erent from the positive bhalf andin Fig. 8.4 (b), the negative balf bas been completely suppressed.
Such an a.c. is called balf-wave rectified a.c. (Art, 16.6).
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8.3. The Basic AC Generator

Such a rotaty generator is schematically shown in Fig. 8.5. It consists of a pivoted loop arma
ture having two coil sides A-B and C-D which rotate with uniform velocity through a uniform station-
ary magnetic field of
horse-shoe magnet. As the
armature coils cut the
magnetic flux, an al-
ternating voltage is in-
duced in them according
toFaraday’s [ .awsof Elec-
tromagnetic Induction.
The magnitude of this
voltage depends (among
other factor) on the rare at
which flux is cut by the

! I|| {1
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coil sides. Thisa.c. voltage 2; g' 8 =90
is taken out from the } & V=V i
armature coil viasliprings a2

and brushes (not shown in Fig. 8.5

the figure) for driving current through an external load.
The coil has been assumed to rotate in the anticlockwise direction in Fig. 8.5.
Magnet 1. When the armature coil lies in the

| horizontal plane, maximum flux with it but
% its rate of flux cutting (i.e., dd/dr) is zero. It
is so because as the two sides A-B and C-D

just start moving upwards and downwards
respectively, they sfide along or move parat
lel to the flux lines. They, in fact, just rub
along the lines of flux without cutting them.
Hence, induced voltage v at that instant is

zeto. We will take this horizontal position of

the coil as the 8 = 0 position [Fig. 8.5 (a)].
2. As the coil rotates fuuther up, rate

of flux cutting increases till it becomes maxi

mum when 8 = 90° as shown in Fig. 8.5 (4). Hence, the induced voltage at 8 = 90° has
maximum valueof V_ .

MEQHET 5-* ”-n_gﬁ

A basic AC generator.

3. Asthecoilrotates further, v statts decreasing sinusoidally till itagain becomes zero when
© = 180°. At this stage, coil has turmed through half the circle and the induced voltage has
gone through half the cycle.

4. As the coil turns through the remaining half circle i.e., from 180° to 360°, the induced
voltages undergoes similar changes in magnitude except that i% polatity is reversed. The
voltage v has a maximum value of V__ at 270° and zero at 360°. In this way, the coil
completes one full urn which corresponds to 360° of romtion and is the equivalent of one
cycle of the output voltage.

The process of voltage generation is more clearly shown in Fig. 8.6. Since voltage generated
in the two sides of the coil are equal (though opposite in polarity), we may consider only one coil side
say, A-B,toexplain the above process. Initially, coil side A-8 is assumed to be positioned at point E.



106 = Basic Electronics

: { 141.4
(¢6) I =141.4 A I=—==——=100 A
V2 V2
@) I = 0.637 1,=0637x 141.4=90 A

8.10. Vector Representation of an Alternating Quantity
A sinusoidally alternating volsage or current can be graphically represented by counter-clock
wise rotating vector provided it satisfies tbe following conditions :
1. itslength is equal to the peak value (even rms value will do) of the alternating quantity,
2. 1tisin the horizontal position at the same instant when the alternating quantity is zero and
is increasing positively,
3. itsangular velocity is such that it completes one revolution in the same time as taken by
the altermating quantity to complete one cycle.

InFig.8.16 (a) is shown asinusoidal curient wave lagging behind tbe alternating voltage wave
by 90°. The same fact has been shown

‘i‘\,\"l N vectorially in Fig. 8.16 (&). Here, vector
/
/)
o
/ \

OV represents rms value of the voltage

A 0 <, ) which is taken as the reference quantity.
' 9Q0 Similarly. vector O! represents rms. value

/ \\ j of the alternating current which lags behind

7 el i the voltage by 90°. Both vectors are sup-

posed to be rotating in the counter-clock-
wise direction at the same angular velocity
Fig. 8.16 ® as that of the two alternating quantities.

8.11. AC through Pure Resistance Only

It is found that when a sinusoidal

{a) ()

voltage 1s applied across a pure ohmic _L'-* v v
resistance, it produces a sinusoidal current o A8 L t
() which s in phase with the volt- 0
age as showniin Fig, 8.17, both 4l — 8 \>—-
graphically and vectotially; @#
(ié) whose rms value is given by / T
=R (@) Fig. 8.17 &)

If the equation of the applied volt-
ageis v=V_ sin 0. then equation of thecurrentisi=17_sin 0.
The power wasted in the circuit in the form of heat is P = 2R
where / is the rm.s. value of the current.
In general, it should be noted that potential drop v (¢) across a resistor Ris directly proportional
to the current i (¢) in it. Hence, as shown in Fig. 8.18,
v(¢) ()~

’ =R.t s 1(¢) = ——
v (1) { (1) i(r) -

and power p) = v()i(@)
Here. v (1) and i (?) indicate the instantaneous values of timevarying
voltage and current respectively which may have any wave form.

8.12. AC through Pure inductance Only Fig. 8.18

When a sinusoidally alternating voltage is applied across a pure induc
tive coil of inductance L, it produces a sinusoidal cusrent

* R

it)



permeability of the coil core is constant. The (a)
constant of proportionality is called the
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(/) whose rms valueis

1 —_ ..!— = V
X, 2nfL

(ii) which lags behind the applied voltage by 90° as shown in Fig. 8.19.

If v=1V_sin0

then i =1 sin(0-m/2) - v

Itis found that power absorbed by this 1490/ S i
coil is zero. [t may be noted that when current ¥ m\ "
in a coil changes, the magnetic flux linked with ‘ 0 f— 80 20
it also changes thereby producing an induced e Faad \")[m
voltage v (¢) in it (Fig. 8.20). This voltage is e ‘ ¥ wem
propoisonal to the rate of change of current if v=V,, sin 8

inductance of the coil.

8.13. AC through Pure Capacitance Only

produces a sinusoidal current

When a sinusoidal voltage is applied across a pure capacitor,it

(/) whose magnitude is given by

Xc UeC Fio. 8.20
(i) which leads the applied voltage by 90° as shown in Fig. 8.21. L
Hence, if v=V_ sin 6, then current is I
given by i 90"
i = I sin(0+mn/2) L4 L. i
Power absorbed by such a capacitor is D \ ,/
A
C G i1 !
It may be noted that potential difference 90"%\ i /f n
v between the terminals of a capacitor is ~ Wt
directly proportional to the chargegonit. The G —»0
constant of proportionality is the capacitance V=V, sin 8
of the capacitor. As seen from Fig. 822, (a@) Fig. 8.21 (b)
dq dv
= : ()= —=C —
q @) = CHQi) ,; i (1) ] &
I von dv
Wy = = Jids  piy=vi=ev 2
G dt j+— v —of
Example 8.4. Bwo capacitors of 60 0 F and 30 wF are connected in H i
series. Find the circuit current when this combination is connected across |
50 Hz, 200 V supply mains. ; C |
’ ; ; g F 3 10
Solution. The equivalent capacitance of the combination is *
C,XC, x60 ’ :
= = = =20pF i
C,+C, 30+60 R Fig. 8.22

| |

= = *'6=1599
C 2mrfC 2rx50%20x10
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1 =200/159=126 A

Example 8.5.A voltage given by v(1) = 100 sin ) is appliedacross a resistorof 20§1 Find (a)
current i{t) (b) power p(1) and (c) average power. Draw the sketches.

Solution.

(a)

v(?) 100 sin o
R 20

t() =

= § sin ot

(b) Instantaneous power is given by
p () =v)i(¢)=(100sin w ) (5sin ©1) = S00 sin2 w¢
(c) The average power is = S00/2 = 250 W.
The sketches are shown in Fig. 8.23.

Example 8.6. A sinusoidal voltage v (t) = 200 sin 1000 t is applied across a pure inductive

coil of inductance L = 0.02 H. Deterrnine current i(1) (b) instant power p(t) and (c) average power

consumed by the coil. Also draw their waveforms.

]: — 10cos 1000 ¢

200V

(@) T

v

10A

® 4

<

(c)f 0

©

-1000 W -

Solution.
, | ] .
@ i@ = Z’I e [200 sin 1000 ¢ df
B 20_0 _cos 1000 ¢
"~ 002 1000
100 V ,—,\
\T 0 ;\L\—//Qn » ol
-100V
SA -/--—\\
oy \
v 0 - \'/2{;—" ol
S A
SOOW r- f_“*-.l For
[\ / \
4 - ; \
P / I,\ | \
“/ \H' l/ 1'k"'"i—--i-l‘.'l.'ll

0

o/

1000 W

1

Fig. 8.24
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Its wave form 1s shown in Fig. 8.24 (b).

® pP)=v@)i®
= (200 sin 1{)00 ¢ ) x (-~ 10 cos 1000 ¢)
= - 200 sin 1000 t.cos 1000 ¢

1
= — 2000 x 2 sin 2000 ¢ = — 1000 sin 2000 ¢

As seen from Fig. 824 (¢), average power is zero.
Note. sinxcosx = }/2 sin 2x.

Example 8.7. A sinusoidal voltage v(t) = 200 sin 1000 tis applied across a pure capacitor of
100 pKE Find(a) current i () (b) charge q (1) and (c) power p(t). Draw their sketches.

Solution.

d d
@ im0 =C==c 2200 sin1000r)
di  dt

=100 x 10 (200 x 1000 cos 1000 ¢)= 20 cos 1000 { amperes
The sketch is shown in Fig. 8.25 (4).
(b) g{) =Cw{(t)=100x 10%x200sin 1000¢= 0.02 sin 1000 ¢ coulomb.
It is sketched in Fig. 8.25 (c).
© p (1) =vi=200 sin 1000 ¢ x 20 cos 1000 ¢

= 200 x ZOX% sin 2000 ¢ = 2000 sin 2000; watt.

[tis shown in Fig. 8.25 (d). It is obvious that net power consumed by the capacitor over one
cycle is zero.

200V - ZOAA
0 L EI‘E = ol ﬂ b1 2“ >
200V} -20A

{a) &)

pA
2000W /\
0 X 2n » ol 0 : , 3 r _
\./ U“ U w
-0.02C |- 2000 W i~

(c) @
Fig. 8.25

0902C
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8.14. Non-Sinusoidal Waveforms

The sine wave is considered the basic waveform becauseit is the one produced by alternatoss and

electronic oscillators. Moreaver. it is the only waveform which will produce a single frequency current
from a single-frequency voltage when applied to 1esistive, inductive or capacitive load. The waves
deviating from the standard sine or cosine wave are treated as distorted waves, they are called non-
sinusoidal waveforms like the triangular and square waveforms shown in ¥ig. 8.3 (b) and (¢) respec-
tively and find many applications in electronic circuits. In the case of norn sinusoidal waveforms,

1. itis common practice to designate peak-to-peak value instead of peak value only because
they generally have unsymmetrical peaks;

2. usually no angles are shown along the horizontal axis as is usually done in the case of sine
waves. Instead. only time period is indicated;

3. the two half cycles may be non-symmetrical either in amplitude or ime or both.
Non-sinusoidal waveforms are also called coniplex waveforms. A non-sinusoidal voltage may

produce a cunrent waveform similar to its own when load is resistive but it will not do so if load is
either capacitive or inductive.

Example 8.8, A non-sinusoidal current having the waveform shown in Fig. 8.26 is passed

through a pure inductance of 5 mH. Sketch the voltage waveform V1),

1 & i

2A f—\ 0V
I} & i & .-P/.P 0

7 4 Umm' 2 4 e B Wms
-12A —

30V

{a) (b

Fig. 8.26
Solution. For finding values of v(f) at different instants, we will use the equation
di
vit) = L —
) di

Let us first find the average value of di/dt during different time intervals.
(a) Retween 0 and 2 ms

di 12 -0

average — = — = 6x 10° Afs
d! 2x10
(b)) Between 2 and 4 ms
di 0 —0
average — = — =
dt 2x107°
() Between 4 and 6 ms
average - = e (132) =—12x10° Afs
dt 2x10
(d) Between 6 and 8 ms
average ﬂ =0
=
(e) Between 8 and 10 ms
average = e gl 6x 10° Ass

dt 2x107
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5. Two alternating currents are given by

( )
i, = 50sin| 314¢ + —

\ 6 )

/ \
i. = 20sin 3!4:-E
2 \ 4

Find their phase difference. Which of the two currenls leads the other ?

SELF EXAMINATION QUESTIONS

A. Fillin the blanksby most appropriate word (s)
or numerical value (s).

I.

2.

9.

10.

A kain of sine waves which contains 50 post-
tive peaks and 50 negative peaks per second

has a fréquency of ......... Hz.
The polarily of an ac waveforim reverses every
-eeeeee CYCle,

Tbelime period of asine wave of | kHzis..........
millisecond.
For a sinusoidal ac voltage of peak value

100 V, the ums value is ............ V.
For a sinusoidal ac voltage of rms value
70.7 V. the p-p valueis ............. V.
The ac cuirent drawn by a capacilor ........... the

applied voliage by 90°.

Higher the frequency of the ac curtent ...........
the reaclance of fered by a capacitor.

Complex waveforms can be formed by
adding........ to the fundamental frequency.
Frequencies which are mujtiple of the
fundamcnial frequency are called hatmonics.
Net power consumed by a pure inductive coil
Of pure Capacitor is .............. :

B. Answer True or False

L. Sine wave has been adopted universally as a
standard wavefosm because il is easy to pro-
duce.

2. A waveform can be sinusoidal but non-
symmetical and viceversa.

3. Onecomplete cycle of a wavef oumn conlains two
allemations which may not be identical.

4. A frequency of 15 kHz lies in the audio-
frequency range.

§. Average value of a sinusoidal ac is slightly
greater than its ims value.

6. Grealer the capacitance of a capacilor,

ANSWERS
A. Fill in the dblanks

1. 50 2. half J.one

7. greater 8. harmonics 9. inlegral
B. True or Faise

1.F 2 3.T 4.T 5.F
C. Muttiple Choice Items

l.a,.f 2.b da 4.a 5.d

9.

10.

[(a) 75° (b) 1]

higher the rcactance i1 offers 10 an allernat-
ing voltage.

A non-sinusoidal waveform consists of a funda
menla! frequency plus its harmonics.

A square waveform canbe built up from sinusoi-
dal waveforms of different frequencies.

Only sinusoidal volsage produces a sinusoidal
curreat in any type of load.

When harmonics of a fundamental sine wave are
added to it, we geta complex wave.

C. Multiple Choice ltems

) B

An ac current given by { = 14.14 sin (19 ¢ + 6)
has an rtos valueof ........... amperes

(@) 10 & 14.14

(c) 196 () 707

and a phase of ........... . degrees.

(e) 180 (/) 30

(8 30 () 210

The rms value of a sinusoidal ac current is equal
to its value atan angle of ............. degrees.

(@) 60 (b) 45 (c) 30 (d) 90

Two sinusoidal currents are given by the equa-
tions : i, = 10 sin (0 + ®/3) and i, =
15 sin (0 — 1/4). The phase difference between
them 15 ......... degrees.

@105 B 7B @15 (d60

An ac current is given by ¢ = 100sin 100 ¢. 1t
will achieve a value of 50 A after ................
second.

(@) 1/600 b 141300

(c) 1/1800 (d) 1/900

The average value of an ac cutrent wave given
by ¢ = 100 sin 100 5 2 iS .oeiovriirreerierionrinnnne 3
amperes.

{a) 707 (b) 141.4 (c) 157 (d) 63.7
4. 70.7 5. 200 6. leads

10. zero
6.F WT &T g T 10.T



9.1. R-L Circuit

uppose apure coil of inductance Lis connected in series
S with a pure resistance R* and is energised by a

sinusoidal voltage of r.ms. value V** as shown in Fig.
9.1 (a). [f we take the current as the reference quantity, then it
will give rise to asinusoidal voltage drop v, across R which
will be in phase with it as shown in Fig. 9.1 (c). The voltage
drop v, across the coil will lead the current by 90° as shown
in Fig. 9.1 (d ). In other words, current through a coil lags
behind the voltage acrossit. The resultant voltage is the vector
(or phasor) sum of v, and v, and as shown in Fig. 9.1 (e),
leads current by some angle ¢. In other words. circuit current
lags behind the applied voltage by an angle .

These facts have been shown inthe phasor diagram of
Fig. 9.2 (a) which is called voltage triangle. Here

V = r.m.s. vatue of applied voltage
! = r.ms. value of circuit current
V =R
= 1.m.s. voltage drop across R (in phase with /)
V = IXL

= r.n.S. voltage drop across L
(at right angles to 7)

This R couid aiso be the internal resissance of an actual coil iself.
** The eguation of the alternating voliage would be v = V2 V sin wt,

Series A.C.

NOObH WUN -

0 @

10.

Circuits

R-L. Circuit

Q Factor of a Coll

Skin Effect

R.C. Circuit

Coupling Capacitor
R-L-C Circuit
Resonance in an R-L-C
Circuit

Resonance Curve

Main Characteristics of
Series Resonance

Bandwidth of a Tuned
Clrcuit

11. Sharpness of Reso

18
13.
14.
15.

nance

Tuning

Tuning Ratio

Radio Tuning Dial
Paradllel Resonance
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<
~

Since in a seties combination, same cutrent flows through

3

(@)

the two components, it has been taken as the reference quantity.
That 1s why current vector has been taken along the horizontal or
reference axis. As seen from Fig. 9.2 (a).

|

®» o

€ 0

v o= JWVE + V2 = Jur? +(x )

e v
= 2 2= =/—
IJR +XL Iz or / Z

22 ol

—1 The quantity (R? + xz)yz is called impedance (Z) of the
13607 circuit and is shown separately in Fig. 9.2 (b). Obviously, Z is the

vector sum of R and X, as shown inthe impedance triangle of Fig.
9.2 (b).

[t is also seen that current / lags behind the applied voltage
V by angle ¢ such that

— tan¢ = X, /R
Since pure inductive coil consumes no power, the power

drawn by the circuit is the same as dissipated by R.
. P = £R

£ I.I.R=I.Z—,R
R

WZ___.SM_._ ——-8

-
-

R
= Vi 7 =VI cos¢ — Fig. 10.2

The terms ‘cos ¢’ is called the power factor of the R-L cir-

¢

cuit.

3,._
éb;.,____ , A
v
&
:i
r'<
v
°
i
> o]
I,
Y—

o
<
-
>
o
=
>

Fig. 9.1 Fig. 9.2

Example 9.1. A coil having L = 0./4 H and R = 9.43 Q is connected across a 50 Hz 135V
supply. Compute

() X, (10} Z (iid) 7 () R, (v) V (vi) & (vii) power factor and (véii) power absorbed.
Solution. () X, =2nfL=2n x50 x 014 =440
@Z2= R* + X2 = [9.43 + 48 =450

(iv) Vo =IR=3x943=283V

(v) V, =1X,=3x44=132V

(vi) cos¢d = R/Z=9.43/45=0.21

(vii) ¢ =cos’(0.21)=77.6° (lag)

| t means that current lags behind the applied voltage by 77.6°.
(viié) Power absorbed= Vicos ¢ = 135 x 3 x 0.2]1 = 85 watt
or P =PR=3?x943=85W
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9.2. Q Factor of a Caoil
The quality factor Q of a coil is given by
g = Xy _ wl N 2nf L

R R R
where L is the inductance of the coil and R its resistance.

The Q-value of a coii may vary fiom less than 10 to about 1000. The radio-frequency (RF)
coils usually have a Q of about 30 to 500. At low f1equencies, R is just equal to the d.c. resistance of
the coil but at radio-frequencies, itrepresents the a.c. effective resistance R, of the coil which is much
greater than R. The factors which make R, greater than R are (i) skin effiect (i7) eddy cutrents and
(¢i¢) hysteresis loss. Hence, Q of the coil is decreased at high frequencies because it is given by

Xy
C="r

The Q of acoil can be measured with the help of a @-meter.

9.3. Skin Effect

For d.c. and low frequency a.c., current through a conductor flows unif orrnly over its entire
cross-section as shown in Fig. 9.3 (a). Asthe
frequency is increased, current tends to flow
towards the outer parts of the conductor [Fig.
9.3 {b)]. At radio-frequencies, the current is
practically confined to the outer surface of
the conductor as shown in Fig. 9.3 (¢). The
gradual shift of cuirent flows from centre to
the susface of the conductor is known as skin
effect. 1t results 1n the conductor offering
greater 1esistance at higher frequencies.

The skin effect is due to the faci that current encounters more inductance at the cenire of the
conductor than near its surface. It is so because magnetic flux is more concentrated at the centre than
near the edges of the conductor wheie part of the flux passes through air. That is why conductors for
very high frequency (VHF) currents are made of hollow tubing.

Skin effect can be minimised by forming the conductor from a laige number of intestwoven
wires connected in parallel attheir ends but insulated from each other throughout the rest of their
length. In this way, each conductor is linked with the same amount o f magnetic flux and caities equal
current thereby greatly increasing the useful cross-section of the conductor. Such a swanded conduc-
tor is called a Litz conducior.

Example 9.2. A /00 uH coil has a Q-value of 500 at5 MHz What is its effective resistance?

2nfL 2mx5x10°x 100 x10°®

2 _ =620
Solution. Re 0 500

9.4. R.C. Circuit
Such a series combination connected across an a.c. voltage of rms value Vis shown in
Fig. 9.4. Here
V. = IR = drop across R (in phase with )
Vi = IX = drop across C (lagging / by 90°)

Since capacitive reactance X .is taken negative, V. is drawn along negative Y-axis as shown in
Fig. 9.4 (b).
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R c v
MW | 0 76 R -{ﬂ > IquR irA a1
l \’l'vc \\J:XC
v
Z
l
o ] y o
)

vy
{a) () (c
Fig. 94

VeyWZ+vi=Jurt+cixcy?=1yRR+x% =1
I 14

i/

It is seen that cunient Jeads the applied voltage by an angle ¢ such that
—X
tan ¢ = -—E-Q —_Fig. 10.4 (b)

Since a pure capacitor consumes no power, the entite circuit power consumption &s due to
resistor only.
P = R=VIcos ¢ —asin an RL circuit

Example 9.3. A capacitor having a capacitance of 10 \F is connected in series with a pure
resistance of 120 2 across a 100 'V, 50 Hz supply. Calculate

{a) current (b) phase angle, ¢ (c) power consumed.
. 1 1 [ S
Solution.  Xc = o C 2rx50x10x10¢ 100w
Z = {120° + 3182 =340 Q2
vV 100
=—=—=0294 A

(@) ''=7 7 30

(b) tand = 318/100=3.18 . ¢ =tan-! (3.18) = 69.3°

(¢) P =0294x120=104 W Xe=I0 K

i ! it 0P

9.5. Coupling Capacitor o'

An R-C citcuit is often used in elecironic circuits for passing on a 100 K

. ; r 1. : Ny R

high-frequency signal from one circuit to another. The capacitor used in 1. mV
thecircuitis called coupling capacitor because it couples or joins the two
circuits so far as a.c. signal is concerned but, by blociing d.c. keeps them .
isolated from each other. The low reactance C . of the coupling capacitor Fig. 9.5

(Fig. 9.5) allows practically all the a.c. signal to be dropped across R
which passes iton to the next circuit. Very little signal is developed across C. itself.

Usually, reactance of C,. is about one-tenth of R. Suppose, an a.c. signal of {1 mV is to be

coupled from the signal source in Fig. 9.5 to a circuit on the right, say, the next stage of an audio
amplifier,

16
Drop acro C. =11x =1lmV
e (10 + 100)
Drop across R =|]x%=10mv

1t is seen that practically 91 per cent of the input signal appears across R and can be passed on
to the next amplifier stage.
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9.6. R-L-C Circuit

As shown in Fig. 9.6, the series combination is connected across a sinusoidal voitage of nns

value V. X
) _ R 5 C
Let V, = IR — in phase with / AMAA AT ”
V, = IX, —teading I by 90° e Vg il Vo it Vil
Ve = IX, — lagging /7 by 90°
Since V, is ahead of I by 90° and V,. is behind it by | 41 B
90°, the phase diff erence between the two is 180° i.e., they "
are in direct opposition to each other as shown in Fig. 9.7 (a). | (e —
In the voltage triangle of Fig. 9.7 (a), V, has been Fig. 9.6

assumed greater than V. which makes / lag behind V. If
Ve > V,, then / leads V. Subtracting AC from A B = BD, we getthe net reactive drop

AD=V, - V.=IX,-X)=IX
From the voitage triangle ®AD of Fig. 9.7 (a), we have

0D = JOA® + AD? | B B
or V = JUR+ (X, - IXc) | 0 F D ¥
v Z
- (VcVe) (X ~Xc)
= IJR + (X, - XY
2—_2 0 v [l A i 0 R ‘F A i
= IJR X &= 7 : o #-Vc # X
;o Xz ap!)lled voltage Yo LC
z impedance @) )
The phase angle ¢ is given by tan ¢ Fig. 9.7
=X/R

where Xis the net reactance and is inductive in the present case. If V. would have been greater
than V,, then X would have been capacitive. If X, = X, then X = 0 and the circuit is said to be in
electrical resonance.

9.7. Resonance in an R-L-C Circuit

If a sinusoidal voltage of variiable frequency is applied across an R-L-C circuil, it encounters
diff erent impedance at different frequencies. As frequency is increased, X, is increased but X.. is
decreased. There is a certain frequency of the applied a.c. voltage for which X, = X~ It is called
resonance. Obviously, the only impedance offered by the circuit is R and is the lowest it can off'er.
Hence, under resonant condition, circuit current is maxiihum and is given by

I = VIR
m
Moreover, this current is in phase with the applied voltage. Hence, the circuit behaves like a

purely resistive circuit with a power factor of unity. The resonant frequency can be found from the
condition

)
X or A fol =
¥ fb 2nfoC
1 0159 _ 016

fo= axdic ~ Jic T Vic
[f Lis in henrys and C in farads, then f; is in hertz. Obviously, f, can be changed by changing
either Lor C. It should be noted that resistance Rplays no par? in determining the resonant frequency

X
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although & does limit the current at resonance and also affects the off-resonance behaviour of the
circuit,

9.8. Resonance Curve

It is the curve which shows variation in circuit cur-
rent with change in the frequency of the applied voltage.
The shape of such a curve for various values of Ris shown
inFig. 9.8. For smaller values of R, the resonance curve is
not only sharpl ypeaked but also has veiy steep sides. For
large values of R, the curve is flat and broad-sided.

[t should be particularly noted that the value of R : o' — — -
notonly aff'ects the value ofcircuit current/, it also affects fo
the shape of the resonance curve itself. For low values of
R. sides of the curve are very steep whichmeans that current
falls off very rapidly as the frequency changes from resonance to off-resonance value. For large

values of R. curve is broad-sided which means limited change in current for resonance and o fF
resonance conditions.

R Very small

R Medium

Current

R Very large

Fig. 9.8

As seen from above, smaller the R, steeper the sides of the resonance curve and consequently
sharper the tuning of the circuit.

9.9. Main Characteristics of Series Resonance

Following main points about senes resonance are worth noting :

1. The circuit current is maximum and is given by / =V/R.

2. The circuit offers minimum impedance Z . = R.

3. The circuit behaves like a pure resistive circuit and has a power factor of unity.
4.

Vbltage drops V, and V. are maximum and equal in magnitude but cancel outsince they are
180° out of phase with each other.

5. Resonant frequency is given by
0.159 0.16

~
-

h=TJic =i
9.10. Bandwidih of a Tuned Circuit

Bandwidth of a tuned circuit is given by the band of
frequencies which lie between two points on either side of
its resonance curve where current is 1/+/2 or 0.707 of its

maximum value at resonance. As shown in Fig. 9.9,
bandwidth or passband is given by

BW=Af=f,-f,

It can be shown that

R
BW=f,—f=— o BW=fQ—° — how ?

2nl
[t can also be proved that edge frequencies are given by
et AL BN _a B
5 -fo‘_z_'-fO‘_z' fo anlL
- Af BW R
Similarly, = o f 4 = fiy + —
Y. L = Jo 5 Jo 5 fo =
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It may be noted that points A and Bin Fig. 9.9 are also called half-power points because power
developed at each of these points is half the power developed at resonance Hence. edge frequencies
fi and f, are known as tower half-power frequency and upper half-power frequency respectively. All
the frequencies lying between f, and /, are called usefu! frequencies because they produce currents
which wben passed througb headpbones produce a sound that s not mucb weaker than that produced
by maximum current /_ atresonance. Hence, bandwidth of a resonant circuit. in fact, represents the
range of its useful frequencies.

9.11. Sharpness of Resonance

It is defined as the ratio of the bandwidth of the circuit to its resonance frequency.

o 4 BW [
Sharpness of resonance = f —h = f = =

Jo o H G

It shows that as value of O, increases, bandwidth decreases. As bandwidth decreases, selectivity
of the circuit increases.

Fig. 9.10 (g) shows the resonance curve of a circuit having comparatively large value of R The
passband of the circuit is from 980 kHz to 1020 kHz. Itsbandwidth is 40 kHz so that its shaipness of
resonance is 40/1000 = 0.04. Similar value for the circuit of Fig, 9.10 (b) is 20/1000 = 0.02. This
circuit has a selectivity of 20 kHz as compared to 40 kHz of the first circuit. The circuit shown in Fig.
9.10 {(a) has poorer selectivity because it does not reject frequencies close 1o its resonance frequency.

Smal IR
7 bbb ——————
0707 §, 0707 e ——
= E Y 14
g 5 E [Ty
5] |
L | .
o kHz
0 kb 283
Frequency —»

—
>
e’

Fig. 9.10
9.12. Tuning

[t means obtaining resonance at different frequencies by changing either Lor (more often) C of
an LC circuit, As shown in Fig. 9.11 (a), the variable capacitor C can be adjusted to tune the R-L-C

R L
—VM— ——— 0 A ﬂ
20 25uH |
' |

v
V,(~) 5 kHz ¢ |
| | r
Pad | |
< o 0, i i i
"';@ 15 kHz : t |
l B l i |
. 0 5 10 15 kM
Frequency

(d) ( b)
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circuit to resonance at any one of the three different frequencies produced by the three signal genera-
tors V,, V, and V;. Which of these frequencies will be selected for maximum output depends upon
the resonance frequency of the LC circuit ? When C is adjusted 1 40 pPF, its resonance frequency
becomes

I
= S ——— = 5000 Hz= 5 kHz
o 21:1££5x10""><40><10"s
Hence, out of the three input voltage, only V, having a frequency of 5 kHz is selected to
produce a resonant rise of current which results in maximum output voltage across C. Of course,
some current from V, and V, will also be produced but it would insignificant.

Suppose, we now adfjust C = 10 UF, then circuit resonant frequency becomes

0.159

o \/25:o<10'6 x10 x 107

Now. the circuit wil! offer merimum impedance %0 V, so

that input signal of 10 kHz will produce maximum current and

hence maximum output voltage V. Other signals being %0 off-

resonance will be practically suppressed. In a similar way, by

adljusting value of C to 4.44 UF, V; can be tuned in. Though we

have considered three frequencies only, the L Ccircuit can be tuned
to select any desired frequency.

=10 kH:z

Tuning in radio. 1adar and TV receivers are all examples
of resonance phenomenon. Insttuments like wavemeter elc., uti-
lize the tuning properties of an LC circuit. In fact, resonant cir-

cuits are widely used in both radio transmitting and radio receiv- AR inductor plays the same role in
ing circuits an L-C circuit that a spiing like this

does wien connected to a8 mass.

It provides a restoring force that
9.13. mnlng Ratio always tries 1o retum the system

For a given value of L, the resonant frequency is inversely 10 equilibrium.
proportional to the square root of C as seen from the relation

| 1
fo

2nJLC Bl lo «/E

L[ o Lo JE
fo C Jo ¢

[t means that if C is reduced to one-fourth of it previous value, frequency becomes double. In
the example considered in A1t. 9.12, when C changes from 40 pF to 10 WF, resonant frequency
increases from 5 kHz to 10 kHz ie., it is doubled. Suppose, we want to tune through the whole
frequency range of S to 15 kHz which represents
a tuning ratio of 3 : I from the highest to the C =360 pF

lowest frequency. Then capacitance must be
varied from 40 UF to 4.44 pF—a 9 : |

capacitance ratio. "
. 5 C=
9.14. Radio Tuning Dial 7T 40-360 pF
[n Fig. 9.12 is shown how resonant $650 kHz
circuits can be used in tuning a radioreceiver %0 " - G
the carrier frequency of a broadcasting station Fig. 9.12

in the medium band (550 to 1650 kHz). The
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tuning is done with the hetp of a vaiable capacitor C whose capacitance can be vaiied fiom 360 tF
when plates are completely in mesh to 40 WF when they are out of mesh.

It will be seen that lowest frequency is tuned with highest capacitance and vice-versa. Since
frequency tuning ratio is 3 : |, the capacitance ratiois 9 : 1.

Example 94. An RLC circuit consists of a capacitor of reactance 120 S and a coil having a
resistance of 60 2 and inductive reactance of 180 2. The combination is connected acrossa 200 V,
50 Hz source. Compute (i) current (ii) p.f. and (iii) power taken by the circuit.

Solution. X, = 180% X.=-120Q

net reactance X = 180- i20 =60 € (inductive)

Z = R + x* = J60° +60° =84.80)

(7) I = ViZ=200/848=236A

(i) cos ¢ = R/Z=060/84.8 = 0.707 (lag) X > X
(fir) P = Vicos ¢$=200x 2.36 x0.707 = 333 kW
or P = PR=236°x 60=333 kW

Example 9.5. A circuit consists of a capacitor of 100 pF connected in series with a coil of
resistance 5 Q) and inductance 100 WH. Calculate (i} resonance frequency (ii) Q-factor (iii) band
width.

T f 1 0159 _ 0.159
] — ) i - =
° wmLc JLC 100 10* x 100 x 10-*2
= 0"5,9 =1.59 x 10° = 1.59 MHz
10°
, 2x fol  21x % 1.59%10° x 100 % 107

(f{) QO —: RO = 5 =200
fo 1.59x10°

(i) bandwidth, Af = Q‘; ==y =795 kHz

[ncidentally, fi =1590-17.95 = 1582.05 kHz

f, =1590 +7.95 = 1597.95 kHz

Example 9.6. An R L C resonant circuit has a resonant frequency of 2 MRz and a Q-factor of
100. Calculate (i) the bandwidih of the circuit (ii) lower and upper half-power frequencies (iii)
selectivity and (iv) sharpness of resonance.

fo 2000 kHz
Solution. () Bw =& = Q‘; =g = 20kHz
. Af
) fy = fo—=3-=2000-10=1990kHz

£ = B ‘%—f = 2000 + 10 = 2010 KHz
(t45) Selectivity = BW = 20 kHz
Af 20 1
fo 2000 108

(iv) Sharpness of resonance =

9.15. Paradllel Resonance

In Fig. 9.13 (a) is shown a circuit consisting of a capacitorin parallel with a coil of negligible
small resistance. When fed from an a.c. voltage source, the capacitor draws a leading current whereas
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coil draws a lagging _ Ceil
current.* This circuit Ilf:,,. ,ﬁ-m,ql 7
resonates to a frequency L' R L |

which makes X,= X.so | _|

that the two branch currents

are equal but opposite. I.E liE_ ]

Hence, they cancel out with 4 v

the result that currentdrawn | !

from the supply is zero. In | | JESRY began

practice, however, line N 0 '
current drawn is not zero (@

but has minimum value due Fig. 9.13

tosmall resistance R of the coil.

Since current diawn by the circuit is minimum, it means it offers maximum impedance to the
applied voltage under resonance condition.

If R is neglected, then

= ——— — as for series circuit
Jo 2nLC ?
v
. = T and Z = L/CR

Asseen from Fig. 9.13 (b), current is minimum at f, but inceeases for off-resonance frequen-
cies due to decrease in the circuit impedance.

Main application of a parallel resonant circuit is to act as a load in the output circuit of an RF
amplifier, Since impedance is maximum at f;, amplifier gain is also maximum at f,, The advantages of
using such a circuit as load are that

() it offers maximum impedance only to the ac. | 2
signal which is required to be amplified,

(i) since coil 1esistance is almost negligible, there |
1s practically no d.c. voltage drop across it. 7~3x

The Q-factor of the parallel circuit is essentially the /2
same as that of the coil and is given by

27 fol
- R 0 adi
when R is coil resistance.
In the case of a resonant parallel circuit. the band- Fig. 9.14

-— A T e

width is defined by the two points on either side of the 1esonant frequency where value of- 1mpedance
drops to 0.707 or 1/ V2 of its maximum value at resonance (Fig. 9.14).

BW = Of = f;, — f, = g

Example 9.7. A paralliel circuit consisting of a 200 pF capacitor and a coil of inductance
200 uWH and resistance 5 2 is connected across a 0.2 V, 800 kHz signal source. Determine for the
circuit (i) resonant frequency (ii) Q-value (iii) impedance offered (iv) current drawn and (v) band-
width of the circuit.

* The two branch currents are shown flowing in oppostite directions m Fig. 9.13 (a). It is so because when coil
draws in the current, the capacitor discharges out at the same time and vice-versa.
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Solution. The circuit is diagrammed in Fig. 9.15.

© f = 0.159 0.159
° Jie MX 10°¢ x 200 x 1072 02V 500 R 250
= 800 kHz (S =
Obviously, the circuit is in resonance with the input signal.| | 300kHz L =200 pH
2nfo L 2mx800x 1P x200x10°¢ |
@) Q= fol _
R 3 Feg. 9.15

i ze o n D ORI cpecan

(i) Lpar = CR 200 % 10-'2 x 5 = ,
i 0.2

' 1l = = =1
vy I, Zpax 200,000 >
(vi BW = -fi:ﬁ: 4 kHz

CONVENTIONAL PROBLEMS

G, 200

A 30 Qresistor and a pure 40 Q2 inductor are connected in s¢ries across a200 V supply. Detennine
(i) Z (&) I (i) Vi, (iv) V (v) phaseangie $ (w) power absorbed.

{(i) S0 €2 (i) 4 A (iii) 120 V (v) 160 V (v) 53° (1) 480 W]

2. An RF coll has aninductive ieactance of 600 Q2 at a certain frequency and an a.c. resistance of 10 Q.
Calculate its Q-factor. [60])
3. A smoothing choke used in a radio receiver circuit has L = 20 H and R = 300 2. What impedance
will it offer at the ripple frequency of 100 Hz ? [12,560 Q]
4. At what frequency does a 1 k2 resistor in series with a 2 H choke coil offer an impedance of
1{81Q7? [SO Hz]
S. In tone control circuit of a receiver, a | k2 resisior is joined in series with a 0.1 uF capacitor.

Calculate the impedance of the combination at 2 kHz and 10 kHz. 1261 £3, 1012 Q]

- A 100 Qresistor and a2 WF capacitor are connected in series acrossa 16 V, 1 kHz source. Detesmine

(6) X ¢ (i6) Z (idi) 7 (iv) Vi (v) Ve (vi) p.f. and (vii) power absorbed.
[(¢) 80 £ (i) 128 Q3 (iie) 0.125 A (iv) 12.5 V (v) 10 V (vi) 0.78 (lead) (vii) 1.56 W]

- A series RL.C citcuit has R =5 €, L= 200 uH and C = 0.4 puR if it is connected across an a.c.

voltage source of 10 V at © = 10° radian/second, determine (i) current (i) p.f. and (iii) power
absorbed.
[()) 1.414 A (&) 0.707 (lead) (iir) 10 W]

. What is the resonance frequency of a series L-C circuitif L =200 uH and C= 200 pF?

(800 kHz]

A series RL-C circuit consiss of a capacitor of capacitance 200 pF and a coit of resistaoce 10 2 and
inductance 200 pF. Calculate

(i) resonance frequency (if) Q-factor
(() bandwidth (fv) lower and upper half-power frequencies.
[(7) 800 kHz (ii) 100 (i) 8 kHz (iv) 792 kM=, 808 kHz]
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SELF EXAMINATION QUESTIONS

A. Fill in the blanks by the most appropriate

I.

2

10.

11.

12.

13.

word(s) or numerical value (s).

In a series R-L circuit, voltage ........... the
current.

Impedance of an R-L circuit is given by the
............... sum of resistance and reactance.

Skin effect increases the resistance of a con-
ductor at ............... frequencies.

Skin effect may be minimised by using ..........
conductor.

If in an R-L circuit, V, =30 V and vV, =40V,

then applied voltage must be ............. \Z
A pure inductor or capacitor dissipates
............ power

Power factor is given by the ratio of circuit
resistance and ............oee

- The power factor of an R-L circuit lies between

A series circuit becomes resonant when
algebraic sum of X, and X~ equals ............. '

Resonance curve shows variation of circuit
custent with .....e.o......... .

Higher the Q-factor of a circuit, .............. its
bandwidth.

Lower the resistance of a resonant circuit,
............... its selectivity.

At halfpower frequencies, the current in a
sertes R-L-C tesonant circuit is ........... ames
the maximum value of current.

8. Answer True or Faise

I.

The impedance of a series R-L circuit is given
by the algebraic sum of Rand X; .

The power factor of an a.c. circuit can lie
between — 1 and + 1.

Skin effect at high frequencies can be
neutralized by using conductors made of
hollow tubes.

Out of the input signals having different
frequencies, a series resonant circuit allows that
one to pass through whose frequency equals its
own ties close (o it.

A parallel resonant circuit rejects the signal
having same frequency as its own resonance

frequency.

For sharper tuning, series resistance should be
decreased

Bandwidth of a circuit can be increased by
decreasing inductance butiacteasing resistance.

Greater the bandwidth, higher the selectivity.

C. Multiple Choice Items

L.

7.

9.

The power m an a.c. circuit is given by

(@) Vicosé (b) Visind

© rz @ Px,

In a seties R-L-C circuit, R = 100 Q. X; = 300
Q, and X =200 Q. The phase angle ¢ of the

CIFCult is ........... degrees,
@ 0 (5) 90
(¢) 45 (d) 60

In aseries circuitwith R=10 . X, =25 Q and
X = 35 Q and cartrying effective current of

5 A, the power dissipated Is ........ceeeinres watt.
@ 25042 b) 50
() 100 (&) 250

A resonance curve for a series circuit is a plot
of frequency versus ............. :

(a) voltage (b) impedance

(c) current (d) reactance

The power factor of a resonant seriescircuit is
(@) 1 b) O

© -1 (dy 05

At half-power points of a resonance curve, the

current IS ................ . times the maximum
current.

(@) 2 » 2

@ 2 d 12

Higher the Q of a series circuit,
(a) greater its bandwidth

(b) sharper its resonance curve
(c) broader its resonance curve
(d) narrower its passband

The selectivity of a series circuit can be
incceased by

(a) reducing its resonance frequency

(b) increasingits @ value

(¢) increasing its resistance

(d) increasing its bandwidth

The resonance frequency of a series resonant
citcuit is given by

@ fp=JCR

®) fo=2nJLC

(¢) fo =12nJLC

@ fy =2r/LC
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10. QOut of the many input signals of different (c) frequency farthest from its resonance
frequencies. a series resonant circuit will frequency
accept one which has (d) frequency closest lo ils resonance
(@) thehighest frequency frequency.
() lowest frequency
ANSWERS
A. Fill in the blanks
1. leads 2. vector 3. high 4. Liz 5. 50
6. no 7. impedance 8. 0; 1 9. zero 10. fHequency
11. narrower 12. better 13. 0.707

B. True or False
1. F 2 F 3. F 4. T 5. % 6. T 7. T 8. F
C. Muitiple Choice Items

l.a 2.¢ 3.d 4. c 5. a 6. c 7.d 8. & 9.¢c 10.d
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10.1. Rise and fall of Current in
Pure Resistance

pure resistor is defined as one which possesses ohmic
A:esistance only and has neither inductance nor

apacitance ™. Such a resistor of R = 6 ohm is shown
connected across a 12 V battery via aswitch S in Fig. 10.1 (q).
When Sis closed, a current of 2 A (as givenby Ohm's law) is
set up in the circuit instantly i.e., currentchanges from 0 to 2
A in no time as shown in Fig. 10.I (b). Similarly, it is found
that if § is opened, current drops to zero instantly. It is obvious
from the above that a pure resistor offers only opposition to
the flow of current but no reaction 10 its change. The reason
for this is that (unlike an inductor) R has no concentrated

6 Q
MWW

2A

S 12V

\

(a) (D)
Fig. 10.1

* Actually, itts impossible to Bet such an idea! resistor.

Lo

10.

1.

12.

=
-

|

Time Constant

Rise and Fall of Cur-
rent in Pure Resistance

Time Constant of an
R-L Circuit

Circuit Conditions
Inductive Kick

Time Constant of an
RC Circuit

Charging and
Discharging of a
Capacitor
Decreasing Time
Constant

Flasher

Pulse Response of an
RC Circuit

Effect of Long and
Short Time Constants
Square Voltage Wove
Appliedto Short A RC
Circuit |
Square Vokage Wave

Applied to Long A RC
Circuit
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magpetic field to oppose any changes in current and also (unlike a capacitor), it does not stote any
charge which opposes any change in voltage.

10.2. Time Constant of an R-L Circuit

Consider the circuit of Fig, 10.2 where L is in series with R (which may be either the coil
resistance, external resistance or both). When switch § is closed. current stars increasing exponen-
tially from O to its final steady value of 1 A as given by Ohm's Law [Fig. 10.2 (5)). However, this

Ohm's Law value of the current is 100 I H
aot achieved instantly but after lapse g i
of some time (theoretically, infinite [Af— — — — — Zeom—

time) determined by the values of R
and L. Thereason is that during the 0.63 A
exponential build-up of the current 5 IT
fromOto 1 A, every change of cur- ' L% 't : L =
rent is opposed by the induced emf 10V o -nmeo'3 ~
in the coil. This transient response @ ®)

of the circuit lasts till steady-state Fig. 10.2

current of 1A is reached after some

time.

Similarly, when S is opened, current does not drop to zero instantly but takes certain definite
amount of time. This, again, is due to the fact that every change in cumrent is opposed by the induced
or counter-emf, thereby delaying i s decay to ultimate value of zero.

This delay in both rise and decay of current in an inductive circuit is dependent on its time
constant (A) which is given by the ratio L/R.

L
Time constant, A= I second

Here, Lis inhenrys and R in ohms. With refierence to Fig. 10.2 (4),1tis seen that
A=1/10=0.1 second

Time period (A) may be defined as the time taken by the current to 1ise to 63.2% (or approxi-
mately, 63%) of its final (or maximum or steady) value.

The maximum (or Ohm’s Law) value of the circuit ciutent is 1 A. Hence, when § is closed,
current willrise to a value of 0.63 A in 0.1 second.

Tiune consetant of an R-L circuit may also be defined as the time during which current falls to
37% or 0.37% or 0.37 of its maximum value
while decaying. tAF——— —— = Switch

In the present case, it means that when japenEe
S in Fig. 10.2 (a) is opened. current will fall
from its initial value of 1 A t0 0.37 A in 0.1

=]
second. These facts have been shown in Fig. §0.63 At—
10.3. However. it is generally accepted thatthe
circuit cmrent, while 1ising, achieves its final 037 A %ﬂ,_.
maximum value after a period equal to FIVE
time constants ie., = SA seconds. Similarly, | Swith L TSSO | S S e A —
current practically decays to zero after a time qoted ?.r?'l 0 0'5;:9'1 a S
interval equal to five time-constants of the Tie
circuit. Fig. 103

It may be noted that A becomes longer
with larger values of L but shoiter with larger values of R.
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10.3. Circuit Conditions

In Fig. 10.4, the R-L combination becomes connected to battery of V volts when switch Sis in
position 1 and is shoit-circuited when § is in position 2.

When § is in position 1, following circnit conditions exist :
1. At the initial instant of switching on, circuit cunent is zeroi.e., i = 0. Hence, v, = 0.

2. Initially, the rate of increase of currentis maximum i.e., difd is maximum (= V/L amperes
second) when 1 =0. Hence, v, has maximum value almost equal to V.

3. Thereafter. curientises in the ciicuit at progressively diminishing rate of increase. Hence,
vp increases but v, correspondingly decreases because at all times
V=yvyty
4. When after sometime ( =35 A). current reaches

its maxinum steady value, v; =0 and hence v, becomes
equalto V.

5. Under the steady or eguilibrium conditions, the
circuit appears as only a resistor. The effect of induc- | ——
tance has disappeated. T Y

6. However, maximum magnetic flux exists in
L and so maximum energy (=1/2 L/?) is stored in the
inductor.

Fig. 10.4

Now, when S is shifted to position 2, the circuit is short-circuited and following conditions
exist:

1. Initial rate of current decay is most rapid ( = V/L ampere/second). Hence, maximum voltage
of opposite polarity is induced in L which would try to prolong the current decay.

2. As current decays at a progressively diminishing rate, v, also decays to zero.

3. Voltage v, will also decay towards zero though the rate of current decay would become
progressively less.

The mathematical expression for current sise through such an inductive circuit is
d=l Qe
Similar expression for current decay is
i=l_ e 2
Example 10.1. A coil having R =120 Q and L = 24 His connected across a 12 V battery. Find
(i) time constant of the circuit {2) current after 0.2 second
(§i¥) curren:i after ! second (iv) current affter 0.4 second

Solution. () A =% = — = 0.2 second

(if) Now, the given time of 0.2 second represents the time constant of the circuit. Hence,
circuit current would be 063 7, .

Now, I = 12/1120=0.1 A =100mA
». Current after 0.2 s = 0.63 x 100= 63 mA

(éi)y Now. the given time of 1 s = 5 A. Hence, dwing this time, current would rise to its
maximum value of 100 mA.

(iv) The given time of 0.4 s is twice the time constant of the circuit. In the first time constant
i.e., fust 0.2 s, current would become 63 mA. The balance of current left would be = (100 — 63) =
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37 mA. In the next 0.2 s, the current will increase by 63% of 37 mA i.e., by 0.63 x 37 =23.3 mA.
Hence, current after 0.4 second or after 2 time constants would be

= 63 +233 =863 mA
10.4. Inductive Kick

When a current-carrying R-7, circuit is opened, the time constant £/R for current decay be-
comes very short because of the extremely high resistance of the open circuit. Consequently rate of
fall of current is much faster than its rate of tise when switch is closed. As a result, very high voltage
(much greater than the applied voltage) is induced in the coil on opening the circuit. However, dura-
tion of this high voltage peak is proportionately smaller because there is no gain in the energy stored
in the magnetic field of the coil.

The above fact can be demonstrated with the help of a neon glow bulb & shown connected
across the coil inFig. 10.5. The bulb presents a very high resistance until a firing voltage of about 90
is applied to its terminals after which it starts glowing. Obviously, the 10 V source by itself is not
capable of lighting it. When switch § is closed, current rises to

its maximum steady value of 10¥100 = 0.1 A in 5 time con- 1000 A

—VN—

stants.
Time constant = 4/100 = 004 s. Hence, cutrent achieves |
Ohm’s Law value in 5 x 0.04 = 0.2 second. At that time, v, = _;_ 10V g ol CD N
10V, v, =0and/_=0.1 A. -
Now. when § is opened, battery is cut off but the setf Rl
induced emf in the coil tends to mainmin the circuit current of ot

0.1 A. However, due to high resistance of the neon bulb (about Fig, 10.5
50 K). time constant becomes very small and, consequently,
rate of fall of current becomes exceedingly rapid.

L 4
Now, A =—= = 8x10~ second

R 50x10°
During this time, current will fall by 63% of its initial maximum value of 0.1 A i.e., it will

decrease by 0.1 x0.63 = 0063 A. Hence, di=0.063 A and dt = 8 x 10-3 second.

e, = Ld—t=4x 0063_5
dt 8x10
This voltage, is high enough to flash the neon bulb.
In general, whenever an inductive circuit is interrupted or opened abruptly, the high induced
voltage causes
1. arcing and buraing of switch contacts,
2. large beat dissipation which is likely to break down coil insulation,
3. possible danger to the persons handling the equipment.

Hence, sufficient care must be taken while opening an inductive circuit because of the ‘induc
tive kick’ i.e., high induced voltage. However, this inductive kick has been usefully employed in the
ignition system of an automobile. In this system, a battety circuit in series with a highly-inductive
spark coil is opened by the breaker points of the distributor to produce high voltage (15 to 20kV) to
fire the spark plugs. Another application of this ‘inductive kick’ is the production of high voltage of
10 to 25 KV for the anode of the picture tube in a’T'V receiver.

10.5. Time Constant of an RC Circuit

In this case, the time constant indicates the ratse of charge or discharge of the capacitor. It is
given by

=3150V
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A = RC seconds
where R is in ohms and C in farads. if R is in MQ2 and C in WF, then, again, RC is in seconds.

[t is seen from above that ime constant depends both on K and C. More C means that the
capacitor can store more charge and hence takes longer time to get this charge. Similarly. moreresis
tance means 1educed rate of charging thus taking longer to charge the capacitor.

[t may also be noted that RC merely specifies the rate of charge. The actual voltage across the
capacitor depends both on the applied voltage and the RC time.

In this circuit also, time constant may be defined in the following two ways :

1. Itis the time during which the charging cuirent falls to 37% of initial maximum value
{Fig. 10.7 (a)].

or

2. It is the time during which capacitor voltage rises to 63% of its final steady value
[Fig. 10.7 (b)].

10.6. Charging and Discharging of a Capacitor
In Fig. 106. the R-C combination becomes connected to the battery of V volts when switch S
is in position 1 but is shott-circuited when § is shifted to position 2.

When S is inposition 1, followingcircuit conditions |

exist : B el HM’;W | |_C
1. At theinstant of switchingon V. =0 but charg - |
ingcurrent is.maximum given by. I =V/R a§shown mnFig. ¢ | |.._wE ..|.. Vo ——pp
10.7 though its rate of decrease is also maximum. Ve
2. Hence, at the start, v, has maximum value equal di
tol R =1 V. Atany other time after switching on
V = vptvpe=i,,t ve=i T+ v, Fig. 106

- “ - {C
3. As charge starts collecting on C, v start decreasing at a progressively diminishing rate as
shown in Fig. 10.7,

4. After about five time constants i.e., after 5 RC seconds, charging cuirent becomes zero and
hence v, = iR becomes zero. Butv,. achieves maximum value equal to V.

S. Under these steady conditions, the circuit appears as only a capacitor.

6. Since capacitor isfully charged to a potential difference of V volts, ithas maximum energy
stored in it

= ¥ CV?
7. The exponeotiai build-up of voltage across C is given by the equation
ve=V(1l-e*
Similarly, the gradual tapering of charging current is given by the relation
il L e
Now, when § is shifted to position 2, battery is cut out of the circuit but capacitor is short-
circuited through R and, hence, stars discharging.

1. Initially, the discharging cuirent is maximum = —v/R because full capacitor voltagev.= V
is applied across R. Moreover, its rate of discharge is maximum initially but keeps decreasing there-
after. The negative sign of current indicates that it is flowing in a direction opposite 1o that of the
charging current.

2. Hence, vy =—/_ R but gradually tends towards zero as does v
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3. Afterlapse of time equal to about five time-constants, v, becomes zero and so does the
discharge current. The entize circuit becomes passive by thattime.

The progressive decrease of capacitor voltage is given by the equation

Ve = V- f‘m
Similarly, the exponential decrease of discharge current is given by the relation
o ’m Ve

Example 10.2. A series combination having R = 2 MS3and C = 0.02 WF isconnected across
a dc voltage source of 100 V. Deterrnine

(§) time constant of the circuit
(i) capacitor voltageaifter 002 s, 004 s, 0.1 s and 2 hours.
(iii) charging current after 002 s, 0.04 s and 0.1 s.

Solution. ({) A=RC=2x0.01=0.02s

() (a) t=0.02 second

Since this time happens to be equal to the time constant of the circuit,
ve=063V=063%x100=63V
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(&) ¢ = 0.04 second

This time equals two time constants. In the first €me constant, v-= 63 V. In the second time
constant, v, increases by 0.63 x 37 = 23.3 V. Hence, after 0.04 s

ve=63+233= 863V
(c) ¢ = 0.1 second

This time equals S time constants by which time v becomes practically equal to the applied
voltage.

ve=100V
(d) Provided circuit iemains connected to the voltage source. v would remain constant at
100V for any length of time after 5A.
(i) (@) ¢t =0.02s;i-=0370f
Now, 1 =100/2MQ = 50 pA
i~ = 0.37 x 50 = 18.5 pA
(b) t=0.04s

In the first time constant of 0.02 s, the charging cuirent becomes (as found above) 18.5 HA.

In the second time constant, current further decreases by 63% of the balance of the currenti.e., by
0.63 x 18.5=11.6 pA

" i.=185-11.6=69pA
(¢) t=0.1s

After this ume, i is almost zero since 0.1s represents five time constants.

10.7. Decreasing Time Constant

The time constant of a given capacitor circuit can be
increased by increasing R and can be decreased by decreasing ‘ g Bulb
R. Suppose we first charge a capacitor slowly with a small 1+ =" gv i SAT 2%
charging current through a high resistance and then discharge
it through a low resistance. Since resistance during discharge
would be small, we will get a momentary surge or pulse of
discharge current.

Fig. 10.8

Theabove method is employed in the operation of batiery capacitor unit used for firing flash
bulbs for photocameras. Let us suppose that a flash bulb needs S A current toignite. Such a heavy
current would be too much of a load for a small 10 V battery (Fig. 10.8) whose normal cuirent
rating may be as tow as 25 mA. By shifting switch § to position 1. the capacitor C is first charged
from the battery through 2 K resistor. The charging time constantis=RC=2x 103x 100 x 1% =
0.2 second. The peak charging current = 10/2 K = 5 mA which can be easily supplied by the
battery. Hence, after a time lapse of 5x0.2=1 s, the capacitor is R
charged 1o 10 V. Next, Sis shifted to position 2 for discharging | —« e—WW -
the capacitor through the flash bulb. The peak discharge curient
= 10/2 = 5 A which is enough to fire the flash bulb.

10.8. Flasher Ty e ()

A practical demonstration of time constant of an R-C
circuit can be given with the help of the circuit shown in Fig.
10.9. The neon glow lamp has ahigh resistance when not glo w-
ing. If a voltage of 90 V is applied, it will ‘fire’ i.e., glow and also of fer very low resistance while
buming.

Fig. 10.9
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When switch S is closed. C starts to charge. When voltage across C reaches 90 V. neon lamp
fires and starts to glow. Because of its very low resistazice while glowing, C starts getting rapidly
discharged through it. But soon after, the bulb goes out due 1o decreasein v and C starts to charge
again. When v again reaches 90 V, bulb starts glowing once again but is soon extinguished when C

discharges through it. In this way, neon bulb will glow each S,
time the voltage across it reached 90 V and go out soon ° R e
after due to decrease in voltage across it. \\ !l

Obviously, itacts as a fiasher or blink eralthough tech- P oD \ 4I’ . el
nically. it is calied a ‘relaxation oscillator’. By changing the B IS?- -
circuit time constant, flashing rate may be controlled. 0l WF ==c
10.9. Pulse Response of an RC Circuit Fig. 10.10

It is very instiuctive to inves-
tigate the response of an RC circuit 100 V
when a square voltage pulse {(of time
period = 2 X circuit time constant) is ON OFF ON OFF
applied across it. Fig. 10.t0 showsa = @
circuit in which S, is closed and 0 3 L
opened at regular intervals of 0.1 sec- 0[1 0[2 0|' 0
ond which equals the time constant 2o i | I l
of the RC circuit. When S, is closed " : I : ';
for0.1 s.100V is applied across the B : 16V |

I

to applying a square voltage pulse
of amplitude 100 V. time period =
0.2 s and freguency of 1/0.2 = SHz
as shown in Fig. 10.f] (q). Let us +100 pA

circuit. When S, is opened, then no T oy 4 |
voltage is applied. This process of r 265 V
closing and opening S, is equivalent @ ‘¢ BN (i

I

I

I

|

now examine the voltage and current 6.7, '
waveshapes in the RC circuit of Fig. I I : I
10.11. Moreover, it should be noted ) Ye _ | & . ] 28.4
that when S, closes, S, gets opened 9 i T— .
up and viceversa. With §, closed. i | __—1-265
C gets discharged through R. p—— —63 716 I :
+

(@) Capacitor Voltage (v.)

I
l I
| I I
As seen from Fig. 10.11 (b) : : :
during one time constant of 0.1s, the ' : |
I

capacitor charges 10 just about 63 -500V |
V. In the next time constant, applied \ 767 |
voltage is zero, hence C discharges T |37 \l

037%0f63 V=037x63=233 () 284 |

% s 233 |
The next charge cycle begins 3 * /7 226,

when C is already charge to 23.3V, 7.6 I

Consequently, the net charging volt
age = 100 —23.3 = 76.7 V. Obvi- |
ously, during the next pulse, the Fig. 10.11

I
I
-100V | l
I
I
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capacitor, voltage incieasesby63% of 76.7V =0.63 x 76.7 = 48.3 V. Hence, during second pulse, v
becomes =23.3 +48.3 =71.6 V. During the next0.1 s, v drops to 37%0f71.6 V=26.5V and soon.

(6) Charge and Discharge Current (i)

As shown in Fig. 10.11 (c), capacitor charging current has its peak value at the start of charging
when the full pulse voltage of 100 V is applied. Since just at the start v. = 0 but v, = V. maximum
value of i .= V/R Similarly, at the start of discharge, i is again maximum because capacitor is fully
charged to V volts. But this time, i - tlows in the opposite direction and its initial peak value is given
by —V/R because v.= V. As seen, i has an ac waveform around the zero axis.

(c) Voltage Across R (v;)
Sinceat every instant, v, = iR = i~ R, its waveshape is similar to thatof the circuit currents.e.,

i.~ The drop v 'has an ac waveshagpe as shown in Fig. 10.1] (d). Since waveshapes of § - and v, are
similar. it is a genera) practice to connect an oscilloscope across R for studying ¢ waveshape.

10.10. Effect of Long and Short Time Constants

It is easier to obtain dif ferent time constants in an RC circuit (by adjusting either R or €) than
in an R-L circuit where itis difficult to change coil resistance and also impossible to eliminate capaci-
tive effects between its different tums. Hence, RC cir-
cuits are commonly used for obtaining usefu) voltage

and current wavesbapes with required time constants. UM g 3
(a) Long Time Constant (@) J_L V=100V

depends onits relationship with the pulse width of the
applied voltage. Any time constant which is at Jeast five
times longer than the pulse width is considered a long Va
time constant. Suppose the pulse width of a given square
voltage wave is 0.5 us and the time constant of the RC . @) ‘
circuit is 0.1 ms. Obviously, this time constant would

he considered long because it is = 0.1 ms/0.5 s = 200 ’ TN o 0]06 Ul

Whether an RC time constant is long or short ‘ 100 pF == ¢

times the pulse width. This time constant is toolong for Y : ll 1 I
capacitor voltage v to rise appreciably before the o 100V | _—y | J
applied voltage pulse drops to zero. thereby forcing C V k I/— kr ]
to discharge. Consequently, C sakes on very litilecharge. 0 l ; | '
Similarly, on discharges also, C discharges very little : ; | :
before the next pulse of the applied voltage comes 100 uA | | |
on to make C charge again. Long time constants are kl K : |
usually employed for integrating circuits. _ l | |
() Short Time Constant 'CT i I | //_‘
A short RC time cotistant may be defined as any _100 pA |- ‘ ! J
time constant which is no more than one-fifth the pulse | | i
width of the applied voltage. For example.a A =0.1 ms v : : I |
is considered a short time constant as compared to a 100V L | } |
pulse width of 0.02 s. As seen, A is 0.1 x 10-%/002 = | J I
1/200 of the pulse duration. It means that voltage would G v T & ! }\ | '
remain applied across V for 200 time constants thereby " : Sl
allowing it to become fully chaiged. Similarly, when r V |
applied voltage drops to zero, Cdischarges completely -1V = I | I
I

and remains in this condition ti]] the next voltage pulse L
comes on after a comparatively Jong time. On the next F. 10.12
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cycle of the applied voltage pulse, C charges and discharges completely once again and so on.

Such short time constants are generally used for differentiating circuits for providing sharp

pulse of v,

10.11. Square Voltage Wave Applied to Short A RC Circuit

As shown in Fig. 10.12 (), a square voltage wave of amplitude [#0 V. time-period 004 s and
frequency 25 Hz is applied across an RC circuit of A =0.1 mis. Obviously, time constantA is 1/200 of
the pulse width (of 0.02 s = 20 ms). Here, time axis is calibrated in seconds and not in time constants.
[.et us. now, examine the waveshapes of v.., i and v, one by one.

(a) Waveshape of v,

Since A is very short as compared to pulse width, C gets charged fully and, for the sane reason,
gets discharged also completely during each half-cycle of the applied voltage. Hence, wavesbape of
v is essentially the same as that of the applied voltage a shown i Fig. 10.12 (¢). In fact, it very
closely resembles V except for slightly rounded comers of its curve.

(b)) Waveshape of i,

This waveshape shows peaks both for the charge and
discharge which coincide with the leading and trailing edges

of the applied voltage pulse as depicted in Fig. 10.12 (d). Each

peak value =100/R=100/1 M£2= 100 pA. In fact. the current
pulses are much sharper than shown in the figure because they !

are not to scale horizontally.
(c) Waveshape of v,

1t follows the waveshape of i .because v, =iR=
i R. Each 100 A current pulse produces a voltage pulse
of 100 V.1n fact. before C begins to charge, peak value
of v, equals the applied voltage of 100 V. Afterwards,
as v increases, v, decreases at all times
V= VR
At the instant of discharge, full capacitor
voltage of 100 V is applied across R so that v, peak
on discharge equals —100 V. Then in five time constants,
vg drops to zero as shown in Fig. 10.12 (e). Such v,
pulses that match the edges of the applied square-wave
voltage are used as timing pulses. We may use either
the positive or negative pulses.

10.12. Square Voltage Wave Applied
to Long A RC Circuit

As shown in Fig. 10.13, the RC time constant is
the same as before i.e., 0.1 ms butnow itbecomes 200
times longer than the pulse width o f0.5 pus of the applied
square volsage wave which bas a frequency of 1 MHz.
The time axis hasbeen calibrated in microseconds (ps)
and not in time constants. Let us. now, examine the
waveshapes of v, i-and v, one by one.

(@) Waveshape of v,
As explained earlier in Art. 10.10, in view of the

+VC

V=100 V =
R3S 1 MQ
(L)) Mz |
C == 100 pF
Fig. 10.13
4
+100V o
(a)
0 05 1.0 (5 20ps
100v4
| | | |
(b) VcT {0.5 : | :
P o - i - |
| | ; |
|
+100 uA | | |
995 ' |
t
e T |
Yo | 1 : |
1 | | |
p o SR I | l
+100V = | l |
995 | | |
|
(d) I-\ |
Ll Iy
“T ..--""'_.-.-.JF _--"""_.-.—Fi
| | | I
| | !
—-100V |- | z : |
Fig. 10.14
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extremely short duration of the appliad voltage pulses, C has hardly any time to get charged. Since
pulse width is 1/200 of A, v would hardly achieve a value of 100/200 = 0.5 V before it is compelled
to discharge as shown in Fig. 10.14 (b). Similarly, C is hardly given any &me to discharge with the
result that v, diops by a very little amount.

(o) Waveshape of i-

The initial charging current is maximum= V/R = 100/1 M = 100 pA. Hence, waveshape for i
stays close o i00 LA throughout the duration of the pulse. It is so because C does not have much
charge (i.e.. v is negligible), thereby allowing applied voltage V to keep the charging current near
about 100 WA, The decrease is 100/200 = 0.5 pA. Hence, during the pulse period, the charging
current falls from 100 (LA to 99.5 LA asshownin Fig. 10.(4 (¢).

(c) Wavesbape of v,

As shown in Fig. 10.14 (d), it follows the waveshape for i In fact, waveshapes of both i .and
v are essenitally the same as that of the applied square-wave pulse voltage. Eventually, v, will climb
to an average valueof 30 V, i will vary £ 50 |i A above and below zero whereas v, will vary (like V)
+ 50 V above and betow zero.

CONVENTIONAL PROBLEMS

1. An inductive coil has a resistance of 100 Q and an inductance of 2 H. (t is connected across a dc
voltage of 10 V. Determine

() time constant of the coil (#) current after one time constant
(¢#¢f) current after two time constants. [{&) 0.2 s (i7) 63 mA (ii7) 86.3 mA]
2. A dc voltage source of 100 V is in series with a series combination of 2 M2 and 2 UF capacitor.
Dctesmine
(a) time required by v,.to become 63 V (b) valueof v, after 20 seconds

[(a) 4 8(b) 100V]
3. A J00 V d.c. source is applied to a 1 M2 resistor connected in seties with a 4 yF capacitor whichis

already charged to 63 V. What will be the value of v after 4 s ? [86.3 V]
4. A 005 pF capacitor charges through a 2 MSQ resistor but is discharged through a 20 k€2 resistor.

Determine

(a) charging sime constant (b) discharging time constant

(c) rate of voltage rise (d) rake of voltage fall.

[(@) 0.15 (b) 0.001 s (c) 1000 V/s (d) 100 kV/s)
SELF EXAMINATION QUESTIONS

A. Fill in the blanks by the most appropriate (b) the initial cumment s ......c..oceenene .
word(s) or numerical value (s). (c) rate of rise of cunent keeps ............

. A purc resistor dOCS not .......... - any Changc (d) sum of resistive and inductive vohagc
in the current flowing through it. diops equals the .......... voltage.

2. ln an R-L CirCUi(. time constant isgiven by the (e) current reaches its maximum valuc in
catio Of ............ and .................. C awm .......... .'me oonstants.

3. In one time constant, current through a series () current decays at a progressively ......... ;
R-L circuit rses to nearly ........... per cent of rate.
Rsgimalisteagivilue; 6. In a long time constant R-C circuit, capacitor

4. In one time constant, curtent through an R-L hardly gets enough time either ©o ........ OF arneo
circuit decreases by about ........... Jer cent. itself.

5. ln d Sel'ics R-L CirCUit B. Answer True or False
(a) initial rate of nise of current is ............ 1. A puse resistor offers only resistance to the flow
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10.

12.

of current through it but no reaction to its
change.

The delay in the establishment of full cunient
inan R-L circuit is primarily due to its induc-
tance.

Resistance of a coil ptays no part in deter

mining the rate of rise or decay of current
through it.

The time constant of a series R-L circuit can be
doubled by doubling the value of R.

In every time constant, current through a coil
increases by 63% of the remaining current.

The rate of rise of curient through a coil keeps
decieasing though amount of current flowing
through it keeps incieasing.

In about five time constants., current through a
coil is considered to have reached its final
steady value.

In one time constant, the current through a
series R-L circuit decays by about 37% of its
wmtial ... .value.

Under conditions of equilibrium, an R-C
circuit appears as only a capacitor.

In a series R-C circuit, charging current

decreases but voltage across the capacitor
increases.

R-C circuits aie often used to get useful volt

age and current waveshapes of any desired time
constant.

When a square wave voltageis applied toan
R-C circuit having long time constant, it pro-
duces highly-peaked output wave shapes.

C. Multiple Cheice Items

l.

During one time constant. current through an
R-L circuit

(a) rises by 63% of its initiat value

ANSWERS

A.

B.

Fill in the blanks

1. oppose 2. inductance, resistance

3.63

(b) risesby 37% of its final steady value

(c) decays to63%ofitsinitial value

(d) rises to 63% df its final steady value
Inan R-Lcircuit withR =100 Qand L.--02 H
and V=35 volts, current wiil reach a steady vatue
after about .......... milliseconds.

(@ 2 () 10

(c) 20 d 5

The arcing across a switch which opens an R-L

circuit is due to

(a)

very low 1esistance of the switch

() high resistance of the circuit
(¢) high self-induced emf in the coil
(d) long time constant of the circuit

The time constant of an R-C circuit is defined
as tbe time during which capacitor charging cur
rent becomes ........... per cent of its

ooooooooooo

value.
(a) 37, final (b) 63, final
(c) 63, initial (d) 37, initial

During five time constants of an R-C circuit,
the capacitor is usually considered to be
per cent chatged.

(a) 37 (b) 100
(c) 63 @ 50

A square voltage wave is applied to an R-C
circuit having a short time constant. The wave-
shape of the charging cunent

oooooooooo

(a) resembles the waveshape of the applied
voltage
(b) has rounded comers
(c) has shatp peaks coinciding with leading
edge of the applied voltage pulse
(d) istriangular.
4.63 S. (@) maximum (&) zero

(c) decreasing (d) applied (e) five () diminishing (or decreasing) 6. charge, discharge.

True or False

I.T 2T 3F 4. F §$.T
11.T 12. F
Muitiple Cholice ltems
1.d 2.5 d.c 4.d 5.6

6. T

6. c

T 8. F 9. T 10.T



11.1. What is a Tuning Circuit ?

tune it 0 any desired frequency i.e., to make it resonant at

l t is a circuit whose parameters can be variied in order to
y particular frequency.

Theprocessof selecting the desired frequency is called
aring.

R
Coil R
L=
@ L y S
Cx
@ ®)
Fig. 11.1

It could be either a series or a parallel RLC circuit as
shown in Fig. 1l .1. Such circuits are the basis o fall wansmitter,
receiver and antenna operation. No radio communication is
possible without them. For example, the desired programme
In a radio or TV is obtained by tuning the receiver to a
particular broadcasting station. In fact, we select the desired
station by adjusting the tuning circuit of the receiver so as to
bring it in resonance with the carrier frequency transmitted
by that staton.
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11.2. Tuned Circuit

[tis a circuit whose parameters have values that will make it1esonant 1o a particular frequency.

11.3. Operating Characteristics of a Tuning Circuit

A tuning circuit is required to perform the following three functions :

]. to select the desired signal out of the many available.

2. 1o reject all undesired signal.

3. to increase the voltage of the desired signal before passing it on to the next circuit.

The ability to perform the first function is called sensitivity, thesecond selectivity and the third
fidelity.

11.4. Resonance

A circuit is said to be in electrical resonance when its v L y L.

; . : e ,-9 @ L ==c
inductive reactance equals its capacitive reactance. C

Consequently, net reactance offered by the circuit is zero. C==

Consider the series and parallel LC circuits shown in Fig.
112. We will first consider the case of an ideal coil and an @ — (6)
ideal capacitor. The coil is supposed to have only inductance e

but no resistance and hence no 7°R loss. Similarly, the

capacitor has no leakage current i.e., its dielectric is a perfect insulator.

The series circuit of Fig. 11.2 (a) is in resonance or it resonates at that frequency for which
X, =X

or ARfL = : or fo

1
2RfC C2anLC
The subscript 0 has been added to indicate that this frequency refers to theresonant condition.
[tis seen that f, depends on the values of both L and C.

When in resonance, the circuit offers zero impedance to the applied voltage. Hence, current
under resonant condition is

4 vV 4 '
= = —=o!
X (XL - XC) 0
Now, every actual coil (as opposed to an ideal one) does have some resistance. Hence, actu-

al y the current is never zero though theoretically it may be so.

il =

The resonant frequency of the parallel circuit showninFig. 11.2(5) is also the same. However,
it is interesting tonote that except for the initial current drawn by the circuit when itis first connected
to the supply. the circuit draws no current thereafter. The current drawn initially keeps circulating
between the two branches because current requirements of Land Care 180° out of phase witheach
other. Hence, under parallel resonant conditions, £; = 0.

v Vv :
= —_— e =00 !
f, O
It means that impedance offered by such a circuit when in resonance is infinity ! In other

words, it acts like an open switch to an input signal of a particular frequency.

However, as all actual coils do have some resistance, current is not exactly zero so that impe d
ance is not infinite but extremely high.

11.5. Actual Series Resonance

An actual coil always possesses some resistance as shown in Fig, 11.1 (a). At any frequencyof
the applied voltage, impedance offered by the circuit is
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Z=R+jX, ~XJ)=R+JX
or Z= \/R2 + X2

At resonance,
X =0 or XL~XC=O or XL=XC
1 0.159

f°=2ztst_C=\/[fHZ

It is seen that resonant frequency does not depend on the coil resistance.

Though main points regarding series resonance have already been discussed in Chapter 9, we
will briefly touch upon the following item :

1. Q-Value . /

It is also called quality factor or figure of merit. It is defined as / X,
under : 0
< R —bi —>T
Xy _ @y L
(a) Q= % Fig. 11.3

The Q-factor of a coil can be increased by making its R as low as possible and L as high as
practicable. An ideal coil whose R =0 has a Q of infinity !

Moreover, Q of a given coil will become less at high frequencies because of increase in R due
to skin effect.

__ v 1L _ o
() (el %=k RVC 2w

__Jo _ Jfo

S h-fi Af

When applied to a tuning circuit, it measures the selectiv-
ity or shaipness of the tuningcircuit. Fig. 11.4 shows how sharp-
ness of tuning varies with the Q-value. Values of (J, of the order
of 200 are common in radio circuits.

2. Bandwidth ' Fig. 11.4

[t has already been discussed in Art. 9.10. The bandwidth (BW} of a series resonant circuit is
given by

BW = fr-fi=af=L2=1

Obviously, higher the value of O, narrower the bandwidth and higher the selectivity of the
circuit. As seen. for getting high selectivity, colil resistance should be low but inductance high. Also,
bandwidth depends on the R/L ratio and not on the individual values of R and L as such.

It should also be noted thatbandwidth does not depend on C at all. Value of C only affects £,
3. LC Product

It determnines the value of f, Values of L and C may be changed but so long as their product
remains constant, f, remains constant. If the LC product for a desired frequency is known, the capaci-
tance or inductance required can be found.

11.6. Is it Series or Parallel Resonance ?

A tuned circuit commonly used in radio receivers is shown in Fig. 11.5. It, in fact, represents a
wansformer with tuned secondary which at first glance looks like a paraltel resonant circuit. But,
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