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PREFACE
This text, Basic Circuit Theory and Network Analysis is primarily written as per
syllabus(CBCS Scheme) for B.Sc. Electronics I- semester, Calcutta University. The subject
matter has been woven in such a systematic manner that the students/readers may easily
understand the basic concepts of the circuits and their designs.
For the students of Science, it is essential to develop the experimental skill along with
the theory, therefore the experiments based on the subject matter of theory and prescribed in
the syllabus are discussed in the second part of the book as - Laboratory Manual.
To check the knowledge & understanding of the subject, a more stress has been given to
application part, therefore a large number of exercises, based on the subject matter, have
been placed at the end of each chapter. A large number of - true/false, fill in the blanks, multi
choice, short answer types of questions are given at the end of each chapter. The problems &
probable questions are also given the due space for practice purposes..
The theory part of whole matter has been discussed in six chapters. The first chapter
deals with the Basic Circuit Concepts, where the passive circuit elements , e.g., resistors,
inductors and capacitors with their types, constructions, applications and their testing are
discussed in details. Electric current & voltage sources- ideal and practical & their
conversion are given a due weight-age. The chapter second contains the Circuit Analysis,
where all the most common methods of Network analysis are discussed with examples. The
third chapter consists of DC- Transient Analysis. In this chapter transient response of RC,
RL, LC, LCR circuits with and without dc- excitation are described along with the concept of
switching time.
The chapter fourth ,on A.C.Circuit Analysis may be called the heart of the Circuit
Theory. The method of Phasor algebra is widely used in solving ac- circuits .The variation of
voltage with frequency across the resistor, inductor & capacitor is discussed in details along
with the series and parallel resonant circuits. Filter circuits are given in details along with
Integrating & differentiating circuits, The chapter fifth deals with Network theorems, very
important tool of circuit analysis. Network Graph Theory is discussed in chapter sixth.
The laboratory manual, the second part of the book consists of all the experiments based
on the theory course & prescribed in the university syllabus, They are given in the manner
the students are supposed to follow while experimentation and recording in the practical
note book. More stress is given on circuit diagram, observation tables and analysis of results.
I would like to thank M/S Himalaya Publishing House for their keen interest in bringing
out this separate text for Calcutta University. M/S Times Printographic deserve my
appreciations for the nice type setting. Sincere thanks are also for the supporting staff.
Any suggestions, criticisms for the betterment of the subject matter will be deeply
appreciated and incorporated with acknowledgement in the future editions.
Greater Noida
15th August, 2018

DR. D.C.TAYAL
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BASIC CIRCUIT CONCEPTS

1.1. INTRODUCTION
Electronic components are the basic building blocks of electronic circuit. These are
mainly classified into two types : (1) Passive Components, (2) Active Components.
Passive components do not require external source to their operation and are not capable
of amplifying or processing an electrical signal by themselves. The passive components
temporarily store the electrical energy in the form of electric or magnetic field. The
commonly used passive components are resisters, capacitors, inductors, transformers and
even diodes. A diode is a one way valve for electricity.
Active components require external source to their operation. They are capable of
amplifying or processing an electrical signal by themselves. They control the electric current
flowing throw them. The actions of active components depend on the external voltage or
current. The active components are the vaccum tube devices, semi conductor devices and
energy sources. The commonly used active components are: Vaccum tubes, Transistors,
Integrated circuits, SCRs, TRIACs, energy sources, etc. The diode does not conduct the
current until the supply voltage reaches to 0.3V (for Ge) or 0.7V (for Si), therefore diode may
be called as active component.
The electronic components may be classified as (i) linear and (ii) non-linear. The linear
components are those in which the relation between voltage and current is a linear function.
They obey the superposition principle. The examples are resistors, capacitors and inductors.
In the non-linear components, the voltage and current relation is a non-linear function.
In diode, the current is an exponential function of voltage. A linear component resistor (V =
IR), capacitor (q = CV) and inductor (Φ = Li) may act as non-linear over a certain range of
input.
The circuit elements may be classified as (i) one port elements (two terminals to connect
– i.e., resistor, capacitor, inductor and diodes) and (ii) multiport elements – with more then
two terminals. Two port elements have four terminals.
1.2. OHM’S LAW
George Simon Ohm, in 1826, discovered a mathematical relation between voltage,
current and resistance. This relationship is known as Ohm’s law. It is the basic foundation of
all circuit analysis in electronics. It states that the amount of current I through a conductor
is proportional to the potential difference V applied across its ends, i.e.,
I ∝ V or I = V/R,
…(1)
where R is called the resistance of the conductor. The resistance thus opposes the flow of
current and is the property of the conducting material and its dimensions (length and area of
cross section). The unit of resistance is ohm, with symbol Ω.
Like the Boyle’s law, the Ohm’s law describes a special property of certain materials and
not a general property of all matter. A material obeying Ohm’s law is called an ohmic
conductor or a linear conductor.
Relation (1) shows that with a high voltage, the current can have a low value when
there is a very high resistance in the circuit. At the opposite extreme, a low value of voltage
can produce a very high current in a very low resistance circuit.
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For example a voltage of 1kV (1000 volts) applied across 1M Ω (=106 ohm) results in a
current of 1mA (=10–3 ampere).
A 5 volt battery connected across a resistance of 0.01 Ω produces 500A of current.
A graph of V and I values is called volt - ampere characteristic of R. If this graph is a
straight line, R is a linear resistance, which shows that the conductor or resistor obey’s
Ohm’s law. All the metals obey Ohm’s law, while the semi-conductors do not, provided all
physical conditions remain unchanged. As an example, the resistance of the tungsten
filament in a light bulb is non-linear.
The unit of electric power is the watt (W), named after James Watt. It is the work done
in one second by moving one coulomb of charge across 1 volt of potential difference.
∴ Power P (in watts) = Potential difference V (in volts) × current I (in amperes).
Work = Power × time.
…(2)
The unit of work is joule, therefore 1 joule = 1 watt. second.
For the motor, the electric power corresponds to mechanical power, the power is
measured in hp(horse-power), which is equivalent to 746 W. In practical purposes, the
electric energy consumed is measured in kWh (kilo-watt hour).
In Atomic and Nuclear physics, the unit of work is measured for an electron. A new unit
electron-volt (eV) is used, which is the amount of work required to move an electron between
two points that have a potential difference of one volt.
∴
1 eV = 1.6022 × 10–19 joule.
1.3. ELECTRONIC COMPONENTS
All electronic circuits, how-so-ever complicated may be, consist of five basic types of
components. An integrated circuit, containing thousands of circuits, also consisted of these
five types of components. These are classified as :
(a) Passive components : Resistors, Capacitors, Inductors and transformers.
(b) Active components : Vacuum tube devices/Semi-conductor devices, Energy sources.
The passive components are not capable of amplifying or processing an electrical signal
by themselves, but are very important for a circuit designing. The values of these
components are generally expressed such that the powers of 10 are always multiples of 3,
such as 10 –12 , 10–9, 10–6, 10–3, 103, 106, 109 and 10 12 named as pico, nano, micro, milli, kilo,
mega, giga and tera respectively.
The active components are the electronic devices capable of amplifying or processing an
electrical signal by themselves. The vacuum tubes were one of the earliest electronic
components. They dominated electronics until the middle of 1980s. Since then solid state
(semi-conductor) devices have taken over completely. However the vacuum tubes are still in
use in some specialist applications, such as high power RF-amplifiers, cathode ray tubes,
specialist audio-equipments and some microwave devices. Energy sources (voltage or current
sources) are also the active elements.
(1) Resistors. Resistors are used in all types of electronic circuits, to limit the amount of
current or to produce a desired drop in voltage. The resistance is the opposing force of its
material when a current or a charge flows through it. Its symbol is R. It is measured in ohms
(Ω), named after German physicist George Simon Ohm. Conductors have a very little
resistance, while the insulators have a large amount of resistance. Carbon has fewer free
electrons than copper, thus opposes the current flow more than copper, therefore has higher
resistance. The resistance wires used in heating elements have more resistance than good
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conductors like silver, copper or aluminium. These materials are tungsten, nickel or iron and
alloys such as manganin, nichrome and constantan. The opposite of resistance is called
conductance. Its symbol is G and unit is the siemens (S), named after Ernst von Siemens. Its
old name is mho, spelled backward the unit ohm.
The resistors may be classified as (i) linear and (ii) non-linear. The linear may either be
fixed or variable. Linear resistors are those across which the potential difference is
proportional to the current passing through it, or VI – curve is linear. The classification of
resistors of various types are given in table 1.1.
Table 1.1. Classification of Resistors
Resistors
Linear resistors
Fixed resistors
Carbon
Composition

Thin
film

Carbon
film

Metal
film

Non-linear resistors
Variable resistors

Thick
film

Wire
wound

Wire
wound

Metal
oxide

Bulk
property

Thermistors
Potentiometers

Photo-resistors

Varistors

Trimmers

Cermet

The resistors used generally are with resistances from few ohms to millions of ohms.
Some are wire wound, while others are made from carbon or graphite and called compound
resistors. They are supplied with either
wire ends or terminals for connection
purposes. Both are divided into fixed and
variable types. The symbols for resistance
Fig 1.1 Schematic symbols for resistors of resistance R.
R are shown in Fig 1.1.
Depending on the material used and the manufacturing process, the resistors are
broadly categorized as :
(a) Wire wound resistors – In such resistors, the wire of the special alloys (e.g.,
constantan, manganin and nichrome) is wound on to a round hollow porcelain core. The ends
of the wire are attached to metal pieces inserted in the core at the each end. This assembly is
coated with an enamel containing powdered glass and heated to develop coating. This
coating gives mechanical protection to the winding. In other wire wound resistors, a ceramic
material is used for the inner core and the outer is coated. The wire wound resistors are
expensive, not suitable to use at very high frequencies and cannot be obtained in small size,
if are of high resistance.
(b) Deposited carbon resistors – also called as carbon film resistor consists of a ceramic
core on which a thin layer of crystalline metallic carbon is deposited from hydrocarbon
vapour at high temperature. These resistances are much cheaper, nearly stable, having
temperature coefficient of resistivity of the order of 200 to 500 parts per million per °C, very
small noise and have superior performance at radio frequencies.
(c) Metal Film resistors – The metal film resistors can be manufactured by depositing the
metal by a spraying process on the ceramic. Lead wires are attached to the film. The
resistance tolerances are ±0.1, ±0.5 and ±1%. Their resistance is very stable, α is small and
useful in handling of low voltage signals.
(d) The carbon-composition rod type resistor – consists of a solid conducting rod formed of
a mixture of fine carbon particles and an insulating binding medium with leads embedded in
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its opposite ends. The whole structure is surrounded by insulating medium. By varying the
proportion of powered carbon to powdered insulator, these resistors can be manufactured
with any resistance from 2Ω tο 10Μ Ω. The resistance is usually indicated by coloured strips
on the cylindrical body of the resistor. The resistance tolerances are ±5 or ±10%. Although
these resistors are widely used in electronic equipments, but are not suitable for precision
work because of their poor stability, high value of α and poor performance at high
frequencies.
(e) The carbon-composition film type resistor – consists of an insulating support such as a
ceramic or glass rod or tube at the surface of which a conducting film of a mixture of carbon
particles and insulating binding medium is provided. These are also called metalized
resistors. As regards to the value of α, stability with time and performance at high
frequencies, these resistors are superior to those of carbon type resistors, but inferior to
those of the deposited carbon resistors.
Noise. When dc is passed through carbon resistor, a noise voltage is developed across its
terminals. It is almost proportional to the dc voltage applied to the resistor. It varies
inversely as the frequency. Different types of resistors differ in the noise that they generate.
No noise is observed in wire wound resistances, deposited carbon resistors have the lowest
noise (< 0.25 μV noise per dc volt), carbon rod types have the highest noise and the carbon
film resistors have in between these two and can thus be assumed as good resistors.
The resistance of a pure metal increases with temperature, while for other conductor
materials e.g., carbon the resistance decreases with temperature.
Because of their large surface areas, the wire wound resistors have large heat
dissipation capabilities. The higher power rating is their most valuable feature. They cost
more than carbon composition resistors because of their large physical size. Metal film
resistors are more expensive than carbon composition resistors. Metal film resistors with a
1% tolerance cost about 10 times as much as carbon composition resistors with a 5%
tolerance.
There are two kinds of variable resistors, rheostats, and potentiometers. The rheostats
have only two terminals available to the user, one end and the movable tap, while the
potentiometers have all three terminals, both ends and the movable tap, available to the
user. Potentiometers also names as pots employ circular motion or straight line motion.
Circular motion pots are generally used in electronic devices. The rheostat works as
potentiometer if all the three terminals are used.
Resistors have two main characteristics: The resistance R in ohms and power rating W
in watts (Watt is named for Scottish inventor James Watt). The power rating depends upon
its size and is the measure of maximum power dissipated without excessive heat. The values
of resistances are marked on the body of a resistor as a number or in the form of colour
bands, for which there is a specific code, known as colour code. The first colour band
represents the 1st significant figure, the second colour band the second significant figure and
the third colour band the multiplier the power of ten. The fourth band indicates the
tolerance, which gives the difference in the resistance from the marked value.
Black (0), Brown (1), Red (2), Orange (3), Yellow (4), Green (5), Blue (6), Violet (7), Gray (8), White (9),
Gold (multiplier 10–1, tolerance ± 5%), Silver (multiplier 10–2, tolerance ± 10%)

Gold or silver band represents the multiplier if it is at the third place. Otherwise it is
generally at the last to represent the tolerance.
Precision resistors often use a five band colour code rather than the four. In such a case,
first three colour bands indicate the first three digits, followed by decimal multiplier in the
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fourth and the fifth one shows the tolerance. The colours brown, red, green, blue and violet
represent the tolerance as ±1%, ±2%, ±0.5%, ±0.25% and ±0.1% respectively. These colour
codes of the resistor are shown in Fig. 1.2.
First digit
Second digit
Decimal multiplier
Tolerance

(a)

First digit
Second digit
Third digit
Decimal multiplier
Tolerance

(b)

Fig. 1.2. Colour-coded resistor : (a) Four band, (b) five band colour code.

Non-Linear Resistors
Thermistor – A thermistor is a thermally sensitive resistor made of semi conductors,
whose electrical resistance varies rapidly with temperature. The semi conductors used are
the oxides of certain metals such as Ni, Mn or Co.
The thermistors are generally in bead, rod or disk form. Most thermistors have negative
temperature coefficient. The thermistors are extensively sensitive, precise and capable of
detecting smaller temperature variations.
Photoresistor – A photoresistor is an optical sensitive resistor made of semiconductor –
cadmium – sulphide. Its conductance changes with luminance variation. Its resistance is
very low when its light sensitive surface is placed in direct sun light. As the light level
decreases the photoresistor’s resistance increases. In complete darkness, the resistance can
increase to more than 1M Ω . Although the photoresistor is analog, its response to light is
non-linear. Photoresistor is widely used in many industries, such as toys, lamps, camera, etc.
It has good reliability, high sensitivity, fast response and good spectrum characteristic. It is
also called Light Dependent Resistor (LDR). There are some LDRs that work in the opposite
way, i.e., their resistance increases with light (called positive coefficient LDR).
Varistor – A varistor, also known as voltage dependent resistor (VDR), has a non-linear,
non-ohmic current voltage characteristic. Its electric resistance varies with the applied
voltage, at low voltage it has a high resistance which decreases as the voltage is raised.
Disimilar to that of diode, it has same characteristic for both directions of traversing current.
Varistors provide reliable and economical protection against high voltage transients,
such as by lightning, switching or electrical noise on power lines. They are also called
transient suppressors, as they can absorb much higher transient energies and can suppress
positive and negative transients. When a transient occurs. The varistor resistance changes
from a very high stand by value to a very low conducting value. The varistor will effectively
become a short circuit to protect the circuit that it shunts from excessive voltage as they are
able to withstand peak value of currents of hundreds of amperes. Thus transient is thus
absorbed and clamped to a safe level.
The most common type of varistor is the metal oxide varistor (MOV). This type contains
a ceramic mass of ZnO grains in a matrix of other metal oxides sand witched between two
metal plates (electrodes). The boundary between each grain and its neighbour forms a diode
junction. The large number of randomly oriented grains now becomes a network of back to
back diode pairs. For the small or moderate voltage applied, a tiny current flows due to
reverse leakage through the diode junctions. When a large voltage is applied, the diode
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junction breaks down due to combination of thermionic emission and electron tunneling, and
a large current flows.
Fuse is a type of wire wound resistor made to burn open easily when the power rating is
exceeded. Excessive current melts the fuse element, blowing the fuse and opening the series
circuit.
Electric shock. The shock is a sudden involuntary contraction of the muscles with a
feeling of pain, caused by the current through the body, when it touches the live conductors
(with power on). Electric shock may cause a death if the current through the body exceeds
100 mA, it is painful for the current about 10 mA.
Open and Short Circuits. An open circuit has current zero and R infinitely high. A short
circuit has zero R, which causes excessively high current.
The resistance of any piece of material depends upon its length l, cross sectional area A
and resistivity ρ (a material property) of the material as
R = ρ l/A.
…(1)
All metals have positive temperature coefficient of resistivity. At 20°C, its values are
0.0015, 0.017, 0.16, 0.36, 0.39, and 0.52 for manganin, nichrome, steel, silver, copper and
tungsten respectively.
If the resistors with resistances R1, R2, R3, …Rn are connected in series their equivalent
resistance R is given by
R = R1 + R2 + R3 + …Rn.
…(2)
If the resistors are connected in parallel, then
1
1
1
1
1
=
+
+
+…
·
…(3)
R R1 R2 R3
Rn
The resistors are rated for different wattages. The wattage rating P, also called the
power dissipated by a resistance R due to the current i passing through it is given by
P = VI = I2R = V2/R
…(4)
where V is the potential difference across it. This relation gives V = √
⎯⎯RP, which shows the
maximum voltage that can be applied across any resistor without breakdown.
As the element represented by the resistance dissipates electric energy into heat energy,
given by Eq. (4), therefore it (resistor) is known as dissipative element. The graph between V
and I is an ideal linear upto a certain point. On account of heating effects of current, the V-I
curve becomes non-linear after this point. A linear time invariant resistor is a resistor that
satisfies ohm’ s law [V(t) = RI(t) or I(t) = GV(t)].
Testing a Resistor with a Multimeter. No electricity can pass through a blown
resistor, as it has infinite resistance. A resistor damaged by excessive voltage, may allow
some current to flow, it is called bad resistor as its resistance is incorrect. While testing a
resistor with a multimeter, it is essential to unplug and turn off the device, otherwise the
reading will not only be inaccurate, but the current of multimeter may damage the resistor
and other components too.
When testing a resistor with multimeter, we rotate the switch on ohmmeter (Ω - symbol).
Plug the black probe into the COM port and red probe into the VΩmA port. Other ends of the
probes are placed across leads of the resistor, the orientation doesn’t matter, because
resistence is not polarized. For the correct readings, the range knob is adjusted to the
nearest true value. The resistance that the ohmmeter reads should be closer to the rated
resistance of the resistor.
If the ohmmeter is reading in the value and tolerance range (e.g. 1 KΩ resistor with
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tolerance rating of 5% may have resistance in between 950Ω and 1050Ω). The resistor is
good. If the ohmmeter is reading drastically outside of this range, the resistor is defective
and should be replaced.
If the ohmmeter is reading a very high resistance, it is called open, theoretically of
infinite resistance.
In digital multimeter, if the screen displays 1 or OL (open loop), there is no continuity or
the resistor has infinite resistance, or broken (fuse wire) circuit. If the circuit is continuous,
the multimeter screen displays a value of zero or near zero. While measuring the resistance
with a digital multimeter, don’t having auto ranging, if the multimeter reads close to zero,
the range is set too high, and therefore turn the dial to a lower setting. If we set the range
too low, the multimeter simply reads 1 or OL, indicating that it is over loaded or out of
range. We thus need to set the dial to a higher range.
In an analog type of multimeter, it is essential to set zero adjustment. For this knob is at
a Ω and two probes are touch to each other, the deflection needle is set at zero reading.
Don’t touch the leads with our hands, otherwise the resistance of our body will act in
parallel with the resistance of the resistor.
2. Inductors. The ability of a conductor to produce induced emf when the current varies
in it is called inductance. A long wire has more inductance then a short wire, as a long wire
cut by magnetic flux produces more induced emf. A coil has more inductance than the
equivalent length of straight wire as the coil concentrates magnetic flux. The electronic
component producing inductance is called an inductor. The unit of inductance is henry (H).
Like the resistors, all inductors may be broadly divided into two categories : fixed &
variable. Different types of inductors are used for different purposes. They are often
classified on the basis of their core material. Generally iron-core, ferrite core and air-core
inductors (or chokes) are used. The inductors are also classified on the basis of their use, as
power line filters, radio frequency coils, etc.
Iron Core Inductor. The iron-core becomes hot due to eddy currents and hyteresis losses.
To minimise losses, the core is made of laminated sheets insulated from each other. The
laminated iron cores are of two types : (a) shell type construction formed with a group of
laminated sections, each is insulated by a thin coating of iron oxide and varnish. The
insulating boarders increase the resistance to reduce the eddy currents but allow the low
reluctance path for high flux density around the core, (b) E-I core because of the shape of the
core laminations [Fig. 1.3 (b)]. It consists of two pieces, resembling with the letters E and I.
Many turns of wire are wrapped around the center leg of the ‘E’ to form the inductor’s
winding. A collection of these iron laminations are stacked together, separated by thin layers
of insulation, to form the complete core, This type of iron core inductor has greater
inductance than a comparably sized other types of inductors.

(a) Shell type

(b) E – I Shaped
Fig. 1.3. Iron-core inductor.

(c) Slug

8

BASIC CIRCUIT THEORY AND NETWORK ANALYSIS

In the iron core of an inductor for radio frequencies, powdered iron is generally used. It
consists of individual insulated granules pressed into one solid form called a slug [Fig. 1.3
(c)].
Ferrite Core Inductor. The f e r r i t e s are synthetic ceramic materials which are
ferromagnetic. These are insulators, but provide high value of flux density. Thus the ferrite
core can be used for high frequencies with minimum eddy current losses. The core is usually
a slug that can move in or out of the coil to vary the inductance. L is maximum when the
slug is in the coil.
The ferrite has the advantages over iron of much higher resistivity and more nearly
linear B-H curve. Its permeability is not as great as that of iron, but greater than that of air.
Ferrite core toroidal inductors have advantage over a cylindrical core, because the flux lines
do not have to pass through the surrounding air. They have greater flux and thus greater
inductance. They are more expensive than cylindrical core inductors.
Air has practically no losses from eddy currents or hyteresis. The air core coils have low
values of inductance (in the μ H or mH range). To reduce the stray capacitance across their
leads, air core inductors are constructed in sections, called pies. They never saturate and
their inductance do not vary with current. These inductors are generally used in radiocircuits.
The filter choke has many turns of wire wound on an iron core. The core is made of
laminated sheets to avoid power losses. Such filter chokes are used in smoothing the
pulsating current produced by rectifying ac into dc. Most of the power supplies have filter
chokes of 5 to 20 H.
Audio frequency chokes are comparatively smaller in size and used to provide high
impedance to audio frequencies (60 Hz to 5 kHz). Radio frequency chokes are still smaller in
size and have lower inductance. These are used to block the radio frequencies. Variable
inductors are used in tuning circuits for radio frequencies. If a ferromagnetic shaft moves
within the coil to vary the inductance, the coil is called permeability tuned variable coil. Such
a coil is used in tuning circuits for radio frequencies.
A transformer of suitable turns-ratio is often used in electronic circuits for impedance
matching. The transformer is basically consisted of two inductors having the same core. A
practical application of variable inductance is the variac, which is an auto transformer with a
variable tap for the primary. Auto transformers are used often because they are compact,
efficient and usually cost less with only one winding.
The inductance of a coil L increases with the number of turns N (proportional to N2), the
area of each turn A, and permeability of the core. It decreases with the length l of the same
turns. Mathematically
μrN2A
L =
× 1.26 × 10–6 henry,
…(5)
l
where l is in meters, A is in m2 and the constant 1.26 × 10–6 is the absolute permeability of
air or vaccum in SI units, μr is the relative permeability (μr = μ/μ0).
The induced emf across an inductor of inductance L produced by a change in current
di/dt is given as
E = – L di/dt.
…(6)
If d Φ/dt be the magnetic flux cut per sec per turn, and N the number of turns in the coil,
then
E = – NdΦ/dt,
…(7)
or
NdΦ/dt = L di/dt
which gives
L = NΦ/i.
…(8)
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The induced emf opposes the current flow through the coil. Thus to keep the current
same, power P is applied to the indicator.
Power P = Ei = i L di/dt.
…(9)
Work done by the battery W = ∫ Pdt = L ∫ idi =

1
2

Li2.

…(10)

After the current has reached its final steady value, di/dt = 0, power input is zero. The
energy that has been supplied to the conductor (coil) is stored as potential energy. When the
circuit is opened the magnetic field around the inductor collapses and the energy is returned
to the circuit. Relation (10) is similar to the expression for the mechanical kinetic energy
1

(2 mv2) and thus show that self inductance L plays the same role in an electrical circuit as
the mass or inertia does in mechanical motion. The relation (9) is similar to the expression
for the external force (F ext = dv/dt). The relation (8) is similar to the expression for the
momentum (p = mv) in classical mechanics. Thus we find the following analog between the
moving particle and the coil carrying a time varying current.
Moving particle

Current carrying coil

mass (m)
displacement (x)
velocity (v)
momentum (mv)

self inductance (L)
charge (q)
current (i)
induced emf (E)

1

magnetic energy ( 2 Li2)

K.E. ( 2 mv2)

1

Fig. 1.4. Self inductance

Self inductance L may be defined from relations (6), 8) or (10) as:
(i) The flux linked with the circuit when unit current flows in it.
(ii)The induced emf produced in the circuit when the rate of change of current in it is
unity.
(iii)The twice the work done in establishing the magnetic flux associated with the unit
current in the circuit.
Its unit is henry as that of the mutual inductance.
If the coils with inductances L1, L2,…L n are connected in series, the equivalent
inductance of coils is the sum of the individual inductances, i.e.,
L = L 1 + L2 + L3 +…Ln = ∑Li.
…(11)
If these inductors are arranged in parallel, we have
1
1
1
1
1
1
=
+
+
+… =∑
·
…(12)
L
L1 L2 L3
Ln
Li
Above relations are correct, when the inductors are arranged so that there are no
interactions through mutual inductance.
The total inductance of two coils connected in series and have mutual inductance M (or
L m) is given as
L = L 1 + L2 ± 2M.
…(13)
The sign is plus for the series-aiding (i.e. , the common current produces the same
direction of magnetic field for the two coils), and minus for the series opposing (i.e. common
current produces opposite fields) connections. The maximum value of mutual inductance
between the coil is (L1L 2)1/2. The coefficient of coupling k is defined as k = M / ⎯
L 1 L 2.
√⎯⎯
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The coil has dc resistance equal to the resistance of the wire used in the coil winding.
The resistance is infinite for the open winding.
Testing of a Inductor with a Multimeter. The testing of inductor is done as the
testing of a resistor. The multimeter is set to ohm meter, the two ends of the probes are
touched with the leads of the inductor, if the resistance of the inductor is only few ohms, the
inductor is good. If the resistance observed is high, the inductor is defective. If the resistance
is very very small, less than 1Ω, (very close to 0Ω), the inductor may be shorted. Outside the
range 1Ω to 10Ω is a sign—the inductor is bad. Infinite resistance shows that there is an
open winding. We can not directly measure the inductance of a coil (inductor) directly with a
multimeter. Now-a-days, digital LCR meters are used to measure L, C and R directly.
(3) Capacitors. Capacitors are not only useful for storing electrical energy but play a
very important role in various electronic circuits, such as to reduce voltage fluctuations in
electronic power supplies, to transmit signals and to detect electromagnetic oscillations at
radio frequencies. The capacitors are formed by introducing an insulator (called dielectric)
between two conductors. The capacitor is basically meant to store electric field or electrical
energy of electric charge. The capacitor is said to be charged when connected across the
potential source. It is said to be discharged when the charge is released. The capacitance is a
measure of a capacitor’s ability to store charge. The unit of capacitance (C) is the farad (F).
However this is a very large unit. In practice the capacitors have capacitances of the order of
micro farads (μF) and picofarads (pF). The schematic symbols for capacitors are shown in
Fig. 1.5. Like the resistors, the capacitors
can either be fixed or variable. The
variable capacitors are used for tuning.
The electrolytic capacitors are the fixed
Fig. 1.5. Schematic symbols for capacitors.
value large capacitors, having polarity.
The reciprocal of C is defined as the elastance D (or sometimes S). The unit for D bears
the colourful name daraf (farad spelled back). Thus for a system of two oppositely charged
conductors, the potential difference V between the conductors is given by
V = Dq = q / C,
…(14)
where q is the charge on one conductor. Thus for more charge that has been deposited, the
greater the voltage across the capacitor. The greater the capacitance, the smaller the voltage
across the capacitor for the same charge.
The capacitance of a capacitor is determined by the three physical variables : areas of
each plate A, spacing between the plates d, and the quality of the dielectric material. For a
parallel plate capacitor.
C = κ ε0 A/d,
…(15)
where κ (kappa) is the relative permittivity or dielectric constant of the dielectric medium.
Temperature coefficient of a capacitor. The temperature coefficient of capacitor is related
with the change in capacitance with temperature due to expansion and contraction of their
metal plates and thermal effects in the dielectric. It is given in parts per million (ppm) per
degree Celsius at 25° C.
Voltage rating of a capacitor. It specifies the maximum potential difference that it can
withstand between its plates, without puncturing the dielectric. It is usually indicated on the
body of the capacitor by the symbols V (volts), WV (working volts) or DCWV (dc working
volts). It depends on the thickness of the dielectric layer and on the dielectric material. It
decreases as the frequency of the source is increased roughly as 1/f 1/2.
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Commercial capacitors are generally classified according to the dielectric. The most
commonly used fixed capacitors are mica, paper, ceramic and electrolytic. The variable
capacitors are mostly air-gang capacitors.
(a) Mica capacitors consist of a pile of alternate parallel layers of mica and Cu (or Al)
sheets. The alternating sheets are connected to the same potential, thus the capacitors are
connected in parallel, as shown in Fig. 1.6 (a). Since mica absorbs little power, hence mica
capacitors are generally used in ac circuits, e.g. , in radio and electronic sets. Now a days,
synthetically manufactured pure mica is used for capacitor dielectric. If the protective
coating is formed neatly around the plate assembly by molding equipment, the capacitor is
called a molded mica capacitor. The coating is also formed by dipping the plate assembly
into a bath of liquid material and then pulling out and letting the material harden. Such
capacitors are called dipped mica capacitor. Mica capacitors have capacitances (1pF – 0.1μF).
Their tolerances are usually ± 5% with ±1% units available. Their temperature stabilities are
around 100 ppm/°C (0.01%/°C). They have a useable temperature range from – 55 to 125° C.
Their voltage rating is relatively high.
(b) Paper of plastic capacitors consist of two strips of metal foil (tin) separated by
strips of paper, plastic or polyester film. The paper is impregnated with a dielectric material
such as wax or oil. These are wrapped into a tight spiral (form of a cylinder) for compactness
and sealed inside a metal box to prevent the entry of any moisture which would spoil the
insulation, Fig. 1.6(b). The paraffin-waxed paper is a cheaper dielectric and can easily be
rolled, but the power absorbed in such a capacitor is large in ac circuits. The paper
capacitors have capacitances ranging from 0.001μ F to 1μ F at working voltages from 200
volts to several thousand volts. Such capacitors are suitable for use in audio frequency radio
receivers as bypass and coupling capacitors.
(c) Plastic film capacitors are often called by the name of the plastic used in the
dielectric, e.g. polystyrene, polypropylene, mylar and polycarbonate capacitors. The plastic
capacitors can have fairly large values (upto 10μF). The temperature stability is good, falling
in the range of 100 to 300 ppm/°C. The operating temperature range is usually – 55 to 125°C
for polycarbonate. The voltage ratings is high, sometimes over 500 V.
(d) Ceramic capacitors use titanium dioxide or several types of silicates as dielectric.
Some ceramics have rather low, while others have extremely high values of dielectric
constants. High κ ceramic capacitors usually are in disc shaped package and low κ ceramic
capacitors are usually in molded and dipped packages. On account of simple structure, disc
capacitors are the least expensive. The molded or dipped low κ ceramic capacitors are
multilayered and are referred to as MLCs.
The ceramic disc capacitors, like mica capacitors, tend to have low values (<0.1μF). They
do not provide as high a voltage rating as mica. Voltage rating may be increased by
increasing dielectric thickness. Working voltages are high (several thousand volts). The
operating temperature range is -25 to 85°C. The tolerances are ±10% or 20%.
The low κ multi-layer ceramic capacitors are limited to smaller values. The voltage
ratings tend to be low (< 200V) as dielectric thickness cannot be drastically increased. The
temperature stabilities are less than 30 ppm. They can operate over the range from – 55 to
125° C. The tolerances are ±5 or ±10%.
(e) Electrolytic capacitors are used when a very high capacitance is required. In the
wet type, the anode is in the form of cylinder, which is immersed in the electrolyte cotained
in a metal can, which works as a cathode. In the dry type, it consists of two plates of
aluminium as electrodes and the extremely thin film of aluminium oxide (∼10–6 cm thick) as
dielectric. The film of aluminium oxide is generally deposited on one of the electrode (Al
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plate) and acts as a good insulator (dielectric). This arrangement is wrapped into a tight
spiral. The differently packed electrolytic capacitors are: axial lead, radial lead, and can
capacitors. In the can package, the outside metal foil is electrically connected to the
aluminium cylinder that houses the spiral assembly. The cylinder thus comprises one of the
capacitor leads.

Fig. 1.6. (a) Mica, (b )( Paper, (c) Ceramic, (d) Electrolytic capacitors.

A magnified view of the internal construction of an electrolytic capacitor is shown in Fig.
1.6(d). A strip that separates the two Al-foils is a piece of gauze, saturated with electrolyte (a
conducting liquid). The electrolyte reacts chemically with the inner foil of Al to form a layer
of aluminium oxide on the surface of the foil. It is because the chemical change occurs at the
layer because the manufacturers always connect the external positive potential with the
inner foil. On account of this reason, the electrolytic capacitors are unidirectional and are
always marked plus sign (+) and/or a minus sign (–) on their bodies. The positive lead is
connected with the inner plate. The electrolytic capacitor will be destroyed if connected into
a circuit backwards. Thus an electrolytic capacitor must never be used in an ac-circuit.
The electrolytic capacitors have high density, large capacitance per unit volume. They
are less expensive in the range above 1μF, they have tolerances of about ±10%, ±50%. The
voltage ratings are from 3 V to several hundred volts. The increase in voltage rating
increases the physical size and hence the cost. The temperature stability is poor. The high
quality aluminium electrolytic capacitors have a temperature range of about – 40 to 105° C.
The leakage resistance is low (0.5 to 10 MΩ).
The disadvantage of electrolytic capacitor, in addition to the required polarity, is its
relatively high leakage current (0.1 to 0.5 mA/μF) as the oxide film is not perfect insulator.
Non-polarized electrolytic capacitors are also available for ac circuits. Actually they are
the combinations of two capacitors connected internally in series opposing polarity.
Tantalum Electrolytic Capacitors are the new type of electrolytic capacitors in which
tantalum foils are used instead of Al-foils. Niobium is also used. The tantalum electrolytic
capacitors have following improvements over aluminium electrolytic capacitors : (1) Larger
capacitance density (a larger capacitance in a smaller size), (2) Longer storage life (The time
for which it can sit around unused without deteriorating), (3) Very long useful life, (4) High
leakage resistance or less leakage current, (5) Improved capacitor’s temperature stability and
operating range - 50 to 125°C. For the same capacitance and rating, the cost is about five
times as much as aluminium electrolytic capacitors.
Variable Capacitors. We know that the capacitance of a parallel plate capacitor
depends upon the area A of the conducting plate, distance between the plates (thickness of
the dielectric slab) and the dielectric constant of the dielectric media/slab between the plates.
Thus the capacitor can be changed either by changing the overlapping area, pulling out
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partially the dielectric or by changing the distance between the plates. Widely used variable
capacitors are :
(a) Trimmer Capacitor. Trimmer is a miniature adjustable electrical component. It can
be a variable resistor (potentiometer), variable capacitor or a variable inductor. Generally it
is set correctly when installed in some device.
Trimmer capacitors serve the purpose of initial calibration of the equipment during
manufacturing or servicing. The trimmer capacitor has two parallel conductive plates with a
dielectric in middle, like a sandwich. One, generally, upper plate is movable, while other is
fixed. If the plates are semi-circular, the upper plate
is rotated such that its over lapping area may vary
from zero to A ( = πR2/2), for the plate of radius R.
Another type of trimmer capacitor has
rectangular slab with rectangular plates of its half
size at the up and down sides. The lower plate is
fixed, while the upper plate may slide to & fro with
the help of screw adjustment, such that cover area A
may change as desired. In addition to air and
plastic, trimmers can also be made using a ceramic
Fig. 1.7. Trimmer Capacitors
dielectric.
(b) Padder capacitor. Padders are a type of capacitors, which are used at low frequency
end of the radio-dial. Padder is a trimmer capacitor inserted in series with the oscillator
tuning circuit of a super heterodyne receiver to control calibration at low frequency end of a
tuning range.
(c) Air gang capacitor. It consists of two sets of plates,
usually semicircular, one set is fixed and the other can be
rotated. These plates are insulated and parallel and are of
aluminium or brass generally. When the movable part is
rotated, its plates move in the gaps between the plates of the
fixed part and the overlapping area between the two sets
changes and thus changes the capacitance of the capacitor.
The variable air capacitor of this type is used in ac - bridges
and in radio-sets. It is called air-gang capacitor and is used
Fig. 1.8. Airgang capacitor
when a continuous variation of capacitance is required.
(e) Capacitor coding. Mica and ceramic tubular capacitors are colour coded to indicate
their capacitances. The colours used are from black for 0 to white for 9, as for resistor colour
coding, discussed earlier.
Since the unit F is a very large quantity, hence the value of capacitors are specified in
either microfarad or picofarad. If a capacitor is marked using a whole number, the
capacitance C is in picofarads (p F). If it is labeled using a decimal fraction, the C is in
microfarads (μF). There is no single code-system to represent its value. There are a variety of
ways in which a manufacturer may indicate the value of a capacitor, as given below :
(a) Film capacitor coding system. In such a system the capacitor has three numbers and
one letter. The first two numbers on the capacitor indicate the first two digits in the
numerical value of a capacitance and the third number is the multiplier. The letter at the far
right indicates the tolerance of the capacitor in percentage. The multiplier number 0 to 5
shows the power of 10 to be multiplied with the first two digits. The numbers 8 and 9 at the
third place indicate the multiplier 10–2 and 10–1 respectively.
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Letter
Tolerance (%)

B
± 0.1

C
± 0.25

D
± 0.5

F
± 1.0

G
± 2.0

Letter
Tolerance (%)

F
±1

G
±2

H
±3

J
±5

K
± 10

]

upto 10 pF
M
± 20

]

over 10 pF

Thus 152 K = 15 × 100 = 1500 pF ± 10% and 569 H = 56 × 0.1 = 5.6 pF ± 3%. The letter R
may be used to signify a decimal point, as 2R2 = 2.2 μF.
(b) Ceramic disc capacitor coding system. The manufacturer’s code in alphabet letters
may be printed at the top. The temperature range is marked at the last with the code. The
first letter indicates the low temperature (Z → 10°C; Y → –30°C; X → –55°C), the numeric at
the second place shows the high temperature limit (2 → 45°C; 4 → 65°C; 5 → 85°C; 6 →
105°C and 7 → 125°C). The letter at the third place shows the maximum capacitance change
over temperature range (A → ± 1%; B → ± 1.5%; C → ± 2.2%; D → ± 3.3%; E → ±4.7%; F →
± 7.5%; P → ± 10%; R → ± 15%; S → 22%, T → + 22%, –33%; U → +22%, –56%; V → +22%,
–82%). Capacity value and tolerance are printed at the middle. Tolerance symbols (J → ±5%,
K → ±10%, M → ± 20%; P → +100%, Z → + 80%, –20%)
(c) Mica capacitor coding system. Mica capacitors are coded using coloured dots to
indicate the capacitance in picofarads. Different coding systems are used for mica capacitors.
(i) Three colour dots in a row, first two indicate the first two significant figures and the
third dot the multiplier.
(ii) Six dots in two rows : The dots in the top row are read from left to right. In the
bottom row, they are read in the reverse order from right to left. The first dot at the left in
the top is black for mica capacitor and silver for AWS paper capacitor. The next two colour
dots indicate the first two significant figures of the value of capacitance. The next colour dot
at the far right in the bottom row indicates the multiplier. The colour code is same as that
for a resistor. The middle in the bottom row indicates the tolerance percentage. The last or
the first in the bottom row indicates the characteristic, such as the leakage resistance,
temperature coefficient, voltage rating, etc. Tolerance percentage is same as the significant
figure corresponding to that colour. If the first dot is not black or silver, then first three dots
in the top row indicate the first three significant figures of the value of capacitance. The
voltage rating is 100 to 900 V for the colours brown to white. It is 1000 V for gold and 2000 V
for silver and 500 V for no colour.
(d) Chip capacitor coding system. (i) Two place code – values below 100 pF are read
directly.
(ii) The letter/number code – the letter shows the two significant digits value and the
number the multiplier. The symbols have the values in pF as
A—10, B—11,C—12, D—13, E—15, F—16, G—18, H—20, J—22, K—24, L—27, M—30, N—33, P—36, Q—39,
R—43, S—47, T—51, U—56, V—62, W—68, X—75, Y—82, Z—91,

(iii) The single letter or number is used to designate the first two digits in the
capacitance value in pF and the multiplier is determined by the colour of the letter.
A—1.0, B—1.1, C—1.2, D—1.3, E—1.5, H—1.6, I—1.8, J—2.0, K—2.2, L—2.4, N—2.7, O—3.0, R—3.3, S—3.6,
T—3.9, V—4.3, W—4.7, X—5.1, Y—5.6, Z—6.2, 3—6.8, 4—7.5, 7—8.2, 9—9.1.
Colour/Multiplier : Orange 100, Black 10 1, Green 102, Blue 103, Violet 104, Red 105.

(e) Tantalum capacitor. The tantalum capacitors are coded to indicate the capacitance in
picofarads. There may be a silver or gold dot at the top, which shows the tolerance as 10% or
5% respectively. No dot suggests the tolerance of 20%. Moving from top to bottom, first two
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colour bands represent two significant figures of the value of the capacitance with the third
band as multiplier. The colour at the left indicates the voltage rating. The polarity is also
indicated at this side. Voltage rating is 4, 6, 10, 15, 20, 25, 35, 50 and 3V corresponding to
the colour black, brown, red, orange, yellow, green, blue, violet and white respectively.
All these above codings are shown in the Fig. 1.9.
Manufacturer’s code
First digit
Second digit
Multiplier
Tolerance

7 5 9 J

First digit
Second digit
Multiplier

(a) Film Capacitor

A B C
1 2 3 J

Capacitance

Tolerance
Working
Z 2 P
voltage
Temperature
range
(b) Ceramic disc capacitor

A B C
.0022
K
1KV
Z5F

Tolerance
First digit
Black or
silver

1st digit
Second digit

Value

N3

Multiplier
Characteristic

Tolerance

(c) Mica Capacitor

W

Multiplier
Colour
multiplier

Voltage
rating
polarity

2nd digit
Multiplier

Symbol
value
(d) Chip Capacitor

(e) Tantalum Capacitor

Fig. 1.9. Colour coding of various types of capacitors.

Capacitance of a capacitor depends upon the area of the plate, thickness of the dielectric
and the material of the dielectric. The ability of a dielectric to withstand a potential
difference without arcing across the insulator is called dielectric strength.
Short circuited capacitors — The dielectric deteriorates with age, especially at higher
temperatures, under the stress of charging voltage. Thus the capacitor becomes leaky
gradually, indicating partial short circuit. The dielectric may be punctured, causing a short
circuit. At this stage resistance is practically zero.
Open capacitors — After service of a few years, the electrolyte dries up and the capacitor
will become partially open. The capacitor action is gone and the capacitor should be
replaced. Thus the capacitor is open, if it shows no charging action but reads very high
resistance.
Leaky capacitors — If the capacitor shows charging, but the final resistance reading is
appreciably less than the normal, the capacitor is leaky.
Capacitive Reactance — Alternating current flows in a capacitive circuit with ac-source
applied. The smaller capacitance allows less current which means more capacitive reactance
XC with more opposition. The lower frequencies for the applied voltage result in less current
and more X C . The opposition of the capacitor is infinite and there is no current if the
frequency of the source is zero or the source is a dc-source. The capacitor is effectively an
open circuit. Numerically XC = 1/ωC = 1/2πfC.
Thus we see that for a particular value of capacitive reactance, the capacitance of the
capacitor decreases as we increase the frequency of the ac-voltage.
Leakage resistance — The leakage resistance of a capacitor is indicated by a high
resistance in parallel with the capacitor. The larger the capacitance, the lower the leakage
resistance.
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Absorption loss — The absorption loss in capacitor is the difference between the amount
of ac-voltage applied and the ac-voltage stored in the dielectric. The losses increase with
higher frequencies.
Power factor — The power factor of a capacitor is the fraction of input power dissipated
as heat loss in the capacitor. The reciprocal of power factor is called Q-value or the quality
factor.
If the capacitors are connected in series, the combined equivalent capacitance is less
than the smallest individual value and is given by the reciprocal formula,as
1
1
1
1
=
+
+…
…(16)
C C1 C2
Cn
For the set of capacitors connected in parallel, the equivalent capacitance is given as
C = C1 + C2 + …Cn.
…(17)
Capacitors are used in series to provide a higher voltage breakdown rating for the
combination.
The leakages resistance of capacitor is indicated by a high resistance in parallel with the
capacitor. The larger the capacitance, the lower the leakage resistance. The capacitor
leakage resistance <10 MΩ is considered a low value. For mica, paper and ceramic capacitors
the leakage resistance R 1 is 100 M Ω or more. The Al electrolytic capacitors have leakage
resistances usually in the range from 1 to 10 MΩ .
The absorbtion losses in capacitor is the difference between the amount of ac voltage
applied and the ac voltage stored in the dielectric. The losses increase with higher
frequencies.
The power factor of a capacitor is defined as the fraction of input power dissipated as
heat loss in the capacitor. Since the losses are in the dielectric, thus the power factor of a
capacitor is essentially the power factor of the dielectric. The reciprocal of the power factor is
called Q value of the capacitor. The low value of power factor or the high value of Q means
better quality for the capacitor.
When a capacitor is charged by connecting with a voltage source, the energy is stored in
the dielectric in the form of electrostatic field. The energy stored is defined as
1

U = 2 CV2 = q2/2C joules.

…(18)

The current through a capacitor is due to the change in the charge on its plates, not due
to the flow of electrons through the dielectric. The instantaneous value of the current is
given by
dq
dV
i =
=C
·
…(19)
dt
dt
Thus the instantaneous value of voltage across the capacitor is given as
1
V =
i dt.
…(20)
C

∫

The basic equation for the capacitance q = CV is analogous to the linear equation for the
resistance V = i R. The q – V curve will not be a straight line for a non-linear capacitor.
Equation (1g) shows that the current waveform for a capacitor is the derivative of the wave
form of the voltage applied.
Testing of a capacitor. The capacitors may cause problems in two ways : (a) may cease
to work, (ii) the value may change. The capacitor may cease to work or goes bad if it has
shorted out or has opened up. The capacitor is called a dead short if a direct contact is made
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between its plates. The capacitor is called an open one, if one of the lead wires has separated
from its plates. It is easy to detect these two problems. The capacitor is called partial short or
leaky capacitor if its dielectric loses some of its insulating ability due to deterioration or
chemical contamination. It is a difficult problem to test a partial short capacitor.
Capacitors larger than about 0.5 μF can be checked with an analog ohm meter (an ohm
meter with a detector) by making use of the fact that a capacitor is equivalent to a short
circuit when it starts charging and to an open circuit when it is fully charged up.
To test the capacitor, (i) The capacitor is first discharged by momentarily connecting a
jumper wire across its leads, (ii) after zero adjustment, one terminal of an ohm meter is
connected with one lead of capacitor (considering proper polarity if the capacitor is
electrolytic), (iii) touch the another terminal of an ohmmeter with the another lead of a
capacitor and observe the pointer. The capacitor is good, if the pointer moves across the scale
to the right and quickly turns back to the left. If the capacitor is open, the pointer will not
move at all when the ohmmeter is connected with second lead of the capacitor. If the
capacitor is dead - short, the pointer will move to right and stay thereon the zero mark. If the
capacitor is partially shorted, the pointer will come part way back to the left.
How to identify a resistor, capacitor and inductor
Set the digital multimeter dial on highest resistance range in ohm-section. Now connect
the probes to the two ends (leads) of the unknown component. If reading shows zero, it is an
inductor. If reading shows some constant value other than 1, then it is a resistor. If the
reading keeps increasing and finally settles on 1, then it is a capacitor. While testing it
again, it is essential to short its both leads for 2 to 3 sec to discharge it.
If the reading shows constant 1, then the component may be a capacitor or a resistor.
Reverse the probes and check reading, if the reading keeps increasing and finally settles on
1, then it is a capacitor.
If reading still shows 1, then decrease the resistance range by rotating the knob (dial)
and check reading. Keep decreasing and checking till the display shows some value, other
than 1. This shows the correct value of R.
1.4. TRANSFORMER
When the current in an inductor changes, the varying flux can cut across any other
nearby inductor, producing induced voltage in both inductors. These two inductors or coils
are said to have mutual inductance M, because the current in one can induce voltage in the
other. The transformer is an important application of mutual inductance. The transformer
has two inductors/coils having the same core. One coil, called primary coil, is connected to a
voltage source that produces alternating current and the second called secondary coil is
connected across the load resistance R L . Transformers are generally used to transfer power
from the source/generator to the load resistance RL. Here the voltage ratio is in the same
proportion as the turns ratio, i.e., Vs/Vp = Ns/Np. For Ns/Np greater than 1, the transformer is
called step-up and for this ratio less than 1, it is called step-down transformer. For zero loss
of power, we have
P S = IS2 RL = IS VS and P P = IP VP, therefore IS/IP = VP/VS.
…(21)
Thus the current ratio is the inverse of the voltage ratio and the voltage step up means
current step-down and vice-versa. The secondary does not generate power but takes it from
the primary.
A practical application of variable inductance is the variac, which is an auto-transformer
with a variable tap. If the source or primary voltage is connected across the entire coil and
the secondary voltage is taken across the variable tap and one of the fixed ends of the coil,
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the transformer works as step-down. The auto transformer steps up the source voltage, if it
is connected across the variable tap and one of the fixed ends of the coil and the secondary
voltage is taken across the entire coil. Auto-transformers are used often because they are
compact, efficient and usually cost less as they have only one winding.
The efficiency of a transformer is the ratio of power out to power in, i.e.,
% efficiency = (Pout/Pin ) × 100.
…(22)
Transformers also have voltage, current and power ratings that must not be exceeded.
Exceeding any of these ratings will destroy the transformer. The transformer should not be
overloaded, we should not apply more than the rated voltage to the primary and should not
draw more than the rated current from the secondary.
Inductive reactance. When an alternating current flows in an inductor, the current is
much less than the dc-resistance alone would allow. The opposition of an inductance to ac is
called inductive reactance, symbol X L and unit ohm. Its value is 2πf L, where f is the
frequency in hertz and L in henrys.
1.5. ACTUAL ELEMENTS
Stray capacitive and inductive effects can occur in all circuits with all types of
components. A resistor has a small capacitance between its ends and a small series
inductance, which is extremely small when a non-inductive winding is used. This
capacitance of pF range becomes effective at high frequencies.
The perfect capacitor would keep its charge indefinitely. In practice, the charge
decreases after a long period of time due to the leakage current through the dielectric. This
leakage current is due to a high leakage resistance in parallel, which is greater than 100 MΩ
for paper, mica and ceramic capacitors. The leakage resistance is about 0.5 MΩ for
electrolytic capacitors. The absorption loss dissipated in dielectric is assumed to be due to a
small series resistance (~ 0.5 Ω). Capacitors with a coiled construction have some internal
inductance. The larger the capacitor, the greater be its series inductance.
An inductor has distributed capacitance
R
between turns, as each turn is a conductor
(a)
separated from the next turn by an insulator (air)
and thus acts as capacitor. The total distributed
capacitance of all the turns is in parallel with the
C
inductor, while the internal effective resistance is
in the series. To minimize the capacitance the
(b)
turns are spaced apart. The equivalent of these
elements are shown in Fig. 1.10.
L
Stray capacitance is present in a circuit such
as : (i) wire to wire capacitance, (ii) wire to chassis
(c)
capacitance and (iii) component stray capacitance.
The wire to wire capacitance is the unwanted
Fig. 1.10. Equivalent (a) resistor, (b) capacitor and
small amount of capacitance (< 1 p F ). It
( c) inductor.
depends upon the length, geometrical orientation
and separation of the wires. It is significant in very high frequency ac-circuits. There is some
stray capacitance between the wire of every circuit and the chassis (the metal enclosure).
All the electrical components have stray capacitance between their leads. The resistor
and inductor have a single stray capacitor. The transistor has three stray capacitors,
corresponding to three electrodes: base, emitter and collector.
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Stray inductance is the inductance of any wiring not included in the conventional
inductors. It is very small (less than 1 μH), but has an appreciable effect for very high radio
frequencies. A connecting lead wire of 0.1 cm in diameter and 10 cm length has an L of
approximately 0.1 μH. The connecting leads must be very short in rf-circuits. The carbon
resistors are preferred for minimum stray inductance in rf-circuits. A pair of connection
leads are used to reduce the inductive current, as the adjacent turns have current in opposite
directions.
The current in a resistor is directly proportional to the voltage and inversely
proportional to the total resistance in the circuit, the Ohm’s law, i.e., i = v /R. The heat is
generated by the collision of electrons with other atomic particles. The power absorbed by
the resistor is the power loss of the circuit and converted in heat. The power P = vi = i2R and
the energy dissipated in time t is given by W = i2Rt.
The capacitor is said to have greater capacitance if it can store more charge per unit
voltage, i.e., q = Cv. The current i is thus given by the relation i = C dv/dt. The energy stored
1
by the capacitor W =2 Cv 2. Thus we see that the current in a capacitor is zero if the voltage
across it is constant, i.e., the capacitor acts as an open circuit to dc. A pure capacitor never
dissipates energy, but only stores it. Due to this reason a pure capacitor is called nondissipative passive element. The capacitive reactance X C decreases with the increase in
frequency and is infinite for dc, as XC = 1/ωC.
The voltage v across an inductor is proportional to the inductance L of the inductor and
the rate of change of current di/dt, as v = –L di/dt. Thus the power absorbed by the inductor
1
P = vi = Li (di/dt) and the energy stored by the inductor W =2 L i2. Thus we see that the
induced voltage across an inductor is zero if the current through it is zero, i.e., the inductor
acts as short circuit to direct current. A pure inductor never dissipates energy, only stores it.
Due to this reason the pure inductor is called a non-dissipative passive element. The
inductive reactance XL increases with the frequency and is zero for dc, as X L = ωL.
1.6. IDEAL AND PRACTICAL VOLTAGE AND CURRENT SOURCES
The ideal voltage source is an active device. It is also called constant voltage source. The
terminal voltage always equals to its open circuit voltage, even though the current supplied
by it to the load connected its terminals may vary. This corresponds to the zero internal
impedance.

Fig. 1.11. (a ) Ideal voltage source, (b) Practical (or Actual) voltage source, (c) VIcharacteristics of a practical voltage source.

A practical voltage source consists of an ideal voltage source in series with an
impedance, called internal impedance of the source. Thus the terminal voltage does not
remain constant but decreases slowly with the load current.
If VS be the open circuit voltage and Z S be its internal impedance, the current in the
circuit when connected to a load impedance ZL is given as
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IL = VS/(ZS + ZL).
…(23)
∴ Terminal voltage of the source = VL = ILZ L = VS/(1 + ZS/ZL).
…(24)
This shows that the terminal voltage remains almost constant if the ratio ZS/ZL << 1 and
the source acts nearly as an ideal voltage source. For the output terminals short circuited,
i.e., ZL = 0, the current reaches to ∞ for an ideal voltage sources (ZS = 0), which is practically
impossible. Thus an ideal voltage source is impossible in practice.
The ideal current source is also an active device. It can supply constant current even if
its terminals are open circuited. Its internal impedance is infinite. It cannot exist in practice,
thus an ideal current source is merely an idea. A practical current source consists of an ideal
current source in parallel with its internal impedance ZS. If a load ZL is connected across

Fig. 1.12. (a ) Ideal current source, (b) Practical current source, (c) Vi-I characteristics of a
practical current source.

the terminals A and B, the source current is divided in two parts iS through the source
impedance ZS and IL through the load impedance Z L . Thus we have
IS = iS + IL and iSZ S = ILZ L
∴
IL = IS/(1 + ZL /ZS).
…(25)
This shows that the load current remains constant and is equal to IS for Z L = 0. The
load current is nearly constant and the source behaves as a good current source. The
increase of load increases the terminal voltage V BA = I L Z L and thus decreases the load
current.
Practically a current source is not different from a voltage source. The source can work
either as a voltage source or a current source depending upon its working conditions. For ZL
> ZS, the source is represented as a voltage source with Z S in its series. On the other hand
for Z L < Z S , it is better to represent the source as a current source with ZS in parallel to it.
Thus we see that a voltage source in series with an impedance can be replaced by an
equivalent circuit consists of a current source in parallel with that same impedance and viceversa. The voltage source has emf = current from the current source × impedance of current
source, i.e., VS = ISZ S .
The two types of ideal sources we have discussed are called independent sources as the
source voltage or current is fixed. The sources are called dependent sources if the source
voltage or current is dependent on the voltage or current existing at some other location in
the circuit. Such sources are represented by a diamond shape of symbol.
Conversion of voltage source into current source and vice-versa. The voltage
and current sources are indistinguishable from each other, if the values of load currents are
same in both the cases. The voltage source representation consists of an ideal voltage source
VS in series with a source impedance ZS and the current source representation consists of an
ideal current IS in parallel with a source impedance ZS′. The short circuit current of the
voltage source is same as the maximum current delivered by the current source. In both the
cases the open circuit voltage is the same.
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Fig. 1.13. (a) A source connected with a load, (b) Voltage source with a load, (c) Current
source with a load.

The load current due to the voltage source = IL = VS/(ZL + ZS). Its value when the current
source is used is obtained by the current division rule. The load current due to the current
source IS is IL′ = IS ZS′/(ZL + ZS′).
Since IL = IL′, therefore V S = I S Z S′ and Z S = Z S′. Here we see that a voltage source in
series with an impedance can be replaced by an equivalent circuit consists of a current
source in parallel with that same impedance and vice versa. Thus a voltage source is
converted into a current source by putting the series impedance in parallel with the source
or vice versa.
1.7. INDEPENDENT AND DEPENDENT SOURCES
The ideal voltage and current sources are called independent sources, as the voltage and
current are completely independent and are not affected by other parts of the circuit. In the
practical voltage and current sources, the voltage and current are not constant but changes
on account of their internal resistances. The internal resistance is assumed in series of the
voltage source and in parallel to the current source, as discussed in the preceding section.
The dependent voltage source does not have a constant voltage across it or does not
provide a constant voltage supply. Its magnitude depends on either the voltage across or
current flowing through some other circuit element. It is indicated with a diamond shape
and is used as equivalent electrical source for many electronic devices, such as transistors
and operational amplifiers.
The dependent current source does not provide a
constant current, but is dependent on the voltage or
current existing at some other location in the network or
voltage across or current through some other circuit
element.
A current source that depends on a voltage input is
generally referred to as a voltage controlled current
source (VCCS),. A current source that depends on a
current input is generally referred to as a current Fig. 1.14(a) Independent voltage source,
( b) independent current source, (c)
controlled current source (CCCS). Similarly others are
Dependent voltage source and (d)
voltage controlled voltage source (VCVS) and current
Dependent current source.
controlled voltage source (CCVS).
These are represented in a circuit diagram by the diamond symbol, as shown in Fig.
1.14(c) and 1.14(d).
1.8. LAWS OF CONSERVATION OF FLUX LINKAGE AND CHARGE
There is an equivalence between electric and magnetic circuits. The basic analogies
between these circuits are : (i) The electric circuit quantity of current is analogous to
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magnetic circuit quantity flux. Both quantities are solenoidal, i.e., have no divergence; (ii)
The electric circuit quantity of voltage or EMF is analogous to the magnetic circuit quantity
of magnetomotive force (MMF). EMF is the integral of electric field intensity E, while MMF
is the integral of magnetic field intensity H.
There is no accumulation of charge anywhere in the electric circuit. This is called law of
conservation of charge. It can be represented as
d
j·da =
q dv = 0
…(26)
dt v
Since
ik = ∫ ∫akj·da, therefore ∑ ik = 0.
…(27)

∫∫

∫

k

Thus we see that the Kirchhoff’s current law can be derived from the law of conservation
of charge.
We know from Faraday’s law of negative induction that

∫

∫∫

dΦ
d
or O E·dl = –
B·da.
dt
dt
The line integral may be taken to be a number of subintegrals, each denoted by a
discrete fractional integral
E =–

b

Vk = ∫akk E·dl.
…(28)
If it is assumed that there is no substentive flux linkages among the circuit elements,
i.e.,
∫ ∫ B·da = 0,
then we have Kirchhoff’s voltage law ∑ Vk = 0.

…(29)

k

Thus we see that the Kirchhoff’s voltage law can be derived from the Faraday’s Law of
Induction.
Let us assume a conductive rectangular solid element of height h and width w. If a
current I flows through it along its length, perpendicular to the flat ends, then the current
density
j = I/hw.
∴ Electric field along the length of this element = Ex = jx /σ,
where σ is the electrical conductivity of the bar material. The voltage developed across its
end
Vk = ∫ Ex dl = jx l/σ.
…(30)
This element has a resistance R = V/I = l/h ω σ.
Thus, we see that Ohm’s law can be used to derive the relation for the resistance of a
rectangular shaped element.
We will here show that magnetic circuits are very similar and are governed by laws that
are not at all different from those of electric circuits.
From Gauss’s law for the magnetism, the magnetic flux is conserved, i.e.,
养s B·da = 0.
It shows that there is no source of flux. For a surface k, the flux through it
Ik = ∫ak B·da.
…(31)
Thus for the sum of all partial fluxes through the whole surface, we get
∑ Φk = 0.
…(32)
k

It shows that the Gauss‘s law for magnetism is analogous to KCL in the electric circuit.
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Ampere’s law in magnetic circuits is stated as  B·dl = μ0i, or
∫ H·dl =∫ j·da.
…(33)
In an N-turns coil, the current in the coil can be defined as ∫ j·da = NI.
The closed line integral of B is defined as magnetic motive force (MMF), represented by
the symbol F. Thus for the magnetic circuit element, we get
b

F k = ∫akk H·dl.
Thus for the loop around a group of elements, we get
∑ Fk = NI.

…(34)
…(35)

k

This is not exactly same as KVL, as it has a source term on the right.
Magnetic circuits are equivalent to resistance. It is represented by , known as
reluctance of the magnetic circuit element. Consider a magnetic circuit element of the shape
of a bar of length l, width w and height H. If μ be the permeability of the material of this
element, then Bx = μHx.
If the flux density in the element is uniform, the total flux through the element will be
Φ = hwBx = hwμ Hx.
…(36)
As the MMF is the integral of magnetic flux H from one end to other. Thus for the
uniform magnetic field F = lHx .
∴ Reluctance of the element =  = F/Φ = l/hwμ.
…(37)
EXERCISES
Example 1. Express the following quantities using the appropriate matrix prefix :
(a) 1,00,000 Ω , (b) 0.015 V, (c) 0.000022 F and (d) 0.0004 H.
(a) 1,00,000 Ω = 105 Ω = 100 × 103 Ω = 100 kΩ
(b) 0.015 V = 1.5 × 10–2 V = 15 × 10–3 V = 15 mV
(c) 0.000022 F = 2.2 × 10–5 F = 22 × 10–6 F = 22 μF.
Example 2. What is the resistance indicated by the five band colour code if the colour
stripes are in the order of orange, blue, green, black and green? What ohmic range is
permissible for the specified tolerance ?
From the colour code, we know that the first stripe of orange colour represents 3, the
second stripe of colour blue represents 6, and the third stripe of green colour represents 5.
The forth stripe, which is the multiplier is black, which means add no zeros, the fifth stripe,
which indicates the resistor tolerance, green for ± 0.5%. Thus the resistor R = 365 Ω ± 0.5%.
The permissible ohmic range is calculated as
365 ± 365 × 0.5/100 = 365 ± 1.825 Ω or 363.175 Ω to 366.825 Ω.
Example 3. In a four band code, indicate the colours of the bands for each of the following
resistors : (a) 10 kΩ ± 5%, (b) 0.22 Ω ± 5%, (c) 5.6 MΩ ± 10%.
(a) 10 kΩ ± 5% = 10 × 103 Ω ± 5%
Colour from left Brown (for 1), Black (for zero), Orange (for 3 multiplier), gold (for 5%
tolerance)
(b) 0.22 Ω ± 5% = 22 × 10–2 Ω ± 5%
Colour from left Red (for 2), Red (for 2), silver (for multiplier 0.01), gold (for 5%
tolerance)
(c) 5.6 MΩ ± 10% = 56 × 105 Ω ± 10%
Colour from left Green (for 5), Blue (for 6), Green (for 5 multiplier), silver (for 10%
tolerance).
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Example 4. Four 120 V, 100 W light bulbs are to be wired with a voltage source of 240 V.
How to connect these bulbs to avoid any burned out ?
If the four bulbs are connected in series, each would have a potential difference of 60 V,
or one fourth the applied voltage. With this very low voltage, the current will be insufficient
for normal operation of the bulbs. If the bulbs are connected in parallel, there will be excess
current in all the bulbs, that could result in burned out filaments.
We know that the two bulbs in series across the 240 V line provide 120 V for each bulb,
which is the normal operating voltage. Therefore the four bulbs are wired in strings of two in
series, with the two strings in parallel across the 240 V source. In the each string, two bulbs
divide the 240 V equally to provide the required 120 V for normal operation.
Example 5. For two waves with a frequency of 1 MHz, how much time is the phase angle
of 36°.
The phase angle θ between two waves of the same frequency f indicates a specific
difference in time t. The period T for each wave is 1/f, and θ is θ/360° of the complete cycle of
360°. Thus the phase angle θ represents θ/360° of the complete period T (=1/f). Therefore the
time corresponding to the phase angle θ is given by
t = (θ/360) × (1/f),
where θ is in degrees, f in Hz and t in seconds.
Substituting numerical values, we get
t = (36/360) (1/106) = 10–7 sec.
Example 6. Determine the capacitance and tolerance of each of the capacitors shown in
Fig. 1.15.
Black
.0033 Z
Z5U
1kV

(b)

Silver

Violet

104 J
Z5F
1kV

Blue
L4
Red

(a)

Red

Gold

K

Blue

(e)

(f)

Orange

(c)
(d)
Fig. 1.15. Colour codes of various types of capacitors.

Violet Yellow
Violet

(i) Fig. (a) shows a typical ceramic disc capacitor, where the first row indicates
capacitance value and tolerance.
C = 0.0033 μF, tolerance = +80%, –20%.
Second row indicates low temperature +10°C, high temperature 85°C, with
maximum capacitance change over temperature range +22%, –56%.
Third row shows working voltage of 1 kV.
(ii) Fig. (b) shows a typical ceramic disc capacitor, where the first row indicates
capacitance C = 10 × 104 pF = 0.1 μF, tolerance = ±5%.
Second row indicates, low temperature +10°C, high temperature 85°C and ΔCmax =
±7.5%.
Third row shows working voltage of 1 kV.
(iii) Fig. (c) shows a typical capacitor, where first black dot in the top row from left to
right shows that the capacitor is a mica capacitor.
Second dot is red, which indicates first significant digit as 2 and the third dot is
violet indicating the second significant digit as 7. The first dot in the bottom row
from right to left is orange indicating the multiplier as 3.
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∴ Capacitance C = 27 × 103 pF = 27000 pF.
The next dot is gold, indicating a capacitance tolerance of ±5%.
The next dot is red, indicating the characteristic, the voltage rating of 200.
(iv) Fig. (d) shows a typical chip capacitor, where the uppercase letter L indicates 27 and
the number 4 the multiplier.
∴ Capacitance C = 27 × 104 pF = 270000 pF = 0.27μF .
(v) Fig. (e) shows a typical chip capacitor, where the upper case letter K indicates 2.2
and the colour blue indicates the multiplier as 3.
∴ Capacitance C = 2.2 × 103 pF = 2200 pF.
(vi) Fig. (f) shows a typical tantalum capacitor, where the first two colour bands from top
are yellow and violet, indicating the digits 4 and 7 respectively. The third colour
band is blue, indicating the multiplier as 6.
∴ Capacitance C = 47 × 106 pF = 47 μF.
The violet at the left indicates a voltage rating of 50 V. The silver dot at the top
indicates a tolerance of ± 10%.
Example 7. Two 250 mH coils have a coefficient of coupling k equal to 0.2. Calculate the
mutual inductance of the system. What will happen if k is doubled ?What will be the value of
coefficient of coupling if the mutual inductance LM is halved ?
We know that the mutual inductance M or LM of the coils of self inductances L1 and L2 is
given by
LM = k ⎯
L 1 × L 2.
√⎯⎯⎯⎯
Given that L1 = 250 mH, L 2 = 250 mH and k = 0.2.
Therefore mutual inductance LM = 0.2 [250 × 250]1/2 = 50 mH.
If the coefficient of coupling k is doubled, i.e., equal to 0.4, then we have
L M = 0.4 [250 × 250]1/2 = 100 mH.
1

If the mutual inductance LM is halved, i.e, becomes 2 × 50 mH = 25 mH, then
k = L M /[L1 × L 2]12 = 25/[250 × 250]1/2 = 0.1.
Example 8. An amplifier with its internal resistance ri = 200 Ω and source voltage of 100
V is directly connected to a load RL = 8 Ω . Calculate the power received by the load. A
transformer is used between the amplifier and the load to increase the power transfer. Discuss
the result.
The amplifier and load are first connected directly, therefore the power delivered to the
load
2
Vrms 2
100
PL =
RL =
× 8 = 1.85 W.
200 + 8
ri + RL

(

)

(

To increase the power delivered to the
load, a transformer can be used between
the amplifier and the load. We know that
to transfer maximum power from the
amplifier to the load, R L must be
transformed to a value equating 200 Ω in
the primary. Thus with Z p = r i = 200 Ω,
maximum power will be delivered from

)

Amplifier

Tr

Load

ri = 200Ω
Np

Ns

RL =
8Ω

Vac = 100V

Fig. 1.16. Example 8.
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the amplifier to the primary. Since the primary power PP = Secondary power PS , therefore
the maximum power will also be delivered to the load RL. The turns ratio that provides Zp =
200 Ω can be calculated as
NP/NS = [ZP /ZS]1/2 = [200/8]1/2 = 5 : 1.
The power delivered to the primary of the transformer
PP =

(

Vrms
ri + ZP

)

2

ZP =

(

100
200 + 200

)

2

× 200 = 12.5 W.

Since PP = PS = PL, therefore the load RL will receive 12.5 W of power.
Example 9. A step-up transformer works on 220 volts and gives 2 ampere to an external
resistor. The turn ratio between the primary and secondary coils is 2 : 25. Assuming 100%
efficiency, find the secondary voltage, primary current and power delivered.
If Ip and Is be the currents in the primary and secondary respectively and Vp and Vs the
respective voltages across them. Therefore for 100% efficiency, we have power loss zero and
IpVp = IsVs
or
Ip/Is = Vs/Vp = Ns/Np.
In this problem, given the turn ratio Ns/Np = 25/2, Vp = 220 volts and Is = 2 amp.
∴
Vs/220 = 25/2
or
Vs = 2750 volts
and
Ip/2 = 25/2
or
Ip = 25 amp.
Power delivered = IsVs = 2 × 2750 = 5500 watts.
TRUE/FALSE
(i) A number expressed in engineering notation is always expressed as a number between 1 and 1000 times a
power of 10 which is a multiple of 3.
(ii) A battery producing a potential difference of 1.5 V is connected across the filament of the bulb by two
wires, the potential difference across the terminals of the battery will be 1.5 V.
(iii) The carbon composition resistor is more temperature stable than a metal film resistor.
(iv) The power rating of a resistor is mainly determined by its physical size.
(v) The power dissipation in the resistance increases by a factor of 4 if the current carried by it is doubled.
(vi) The ground connections of the electric circuit at any junction do not change the resistance, current or
voltage values, but change the reference point for measuring voltages.
(vii) In the house wiring, the white neutral wire has no current because it is grounded.
(viii) A closed switch has a resistance of approximately zero ohms and an open fuse about infinity ohms.
(ix) The charge current in a capacitor flows through the dielectric from plate to plate until the capacitor is fully
charged.
(x) Electrolytic capacitors allow more leakage current than mica capacitor.
(xi) Coil has distributed capacitance between the turns.
(xii) The eddy current losses produced by an iron core is smaller than that by air core.
(xiii) A coil has more inductance than the equivalent length of straight wire.
(xiv) A laminated iron core reduces eddy current losses. The Ferrites have less eddy current losses than iron.
(xv) In the series aiding connection of coils, the current produces the same direction of magnetic field for both
coils.
(xvi) An auto transformer has an isolated secondary.
ANSWERS
(i) T; (ii) F; (iii) F; (iv) T; (v) T; (vi) T; (vii) F; (viii) T; (ix) F; (x) T; (xi) T; (xii) F; (xiii) T; (xiv) T; (xv) T; (xvi) F.

FILL IN THE BLANKS
(i) ............. developed the first chemical battery, which provided the first practical source of electricity.
(ii) The unit of measure for current was named after …… .
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(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)
(xi)

The resistance of a short circuit is approximately …… and that of the open circuit is ……
The wire wound resistors are larger and have …… wattage ratings than carbon resistors.
The power rating of a carbon resistor is/is not affected by the ambient temperature in which it operates.
If a resistor in a series circuit is shorted, the series current …… .
…… converts mechanical energy into electrical energy.
The voltage across C after it is completely discharged will be …… .
The dielectric material in an aluminum electrolytic capacitor is …… .
The resistance tests with an ohm-meter can be made with power …… in the circuit.
The number of terminals used in a rheostat are …… while using it as a variable resistor and …… while
using it as a potential divider.
(xii) A long wire has …… inductance than a short wire because of the …… induced voltage produced.
(xiii) The symbol of induction is …… and its unit is …… after ……
(xiv) The combined reactance for two equal inductive reactances is …… while in series and …… in parallel.

ANSWERS

(i) Alessandro Volta; (ii) Andre Marie Ampere; (iii) Zero ohm, infinite ohm; (iv) higher; (v) is; (vi) increases; (vii)
generator or source; (viii) zero volt; (ix) thin oxide film; (x) off; (xi) 2, 3; (xii) more, more; (xiii) L, henry (H), Joseph
Henry; (xiv) doubled, halved.

MULTIPLE CHOICE QUESTIONS
1. Which of the following type of resistors has the smallest physical size ?
(a) wire bound resistor,
(b) carbon composition resistor,
(c) surface mount resistor,
(d) potentiometer.
2. A potentiometer is a :
(a) three terminals device used to vary the voltage of a circuit;
(b) two terminals device used to vary the voltage of a circuit;
(c) two terminals device used to vary the current of a circuit;
(d) fixed resistor.
3. Which of the following safety rules should be observed while working on a live electric circuit ?
(a) Only make resistance measurements in a live circuit,
(b) keep yourself well insulated from the ground,
(c) place one hand behind your back or in your pocket,
(d) both (b) and (c).
4. If a short circuit is placed across the leads of a resistor, the current in the resistor would become
(a) much higher than normal,
(b) excessively high,
(c) zero,
(d) none of these.
5. The effects of an open in a series circuit are :
(a) current I is zero in all components,
(b) voltage drop across each component is 0V,
(c) voltage across the open points is equal to the applied voltage,
(d) all of these.
6. In India, the frequency of the ac power-line voltage is
(a) 120 Hz,
(b) 60 Hz,
7. Which of the following has more resistance
(a) carbon,
(b) copper,

(c) 50 Hz,

(d) 220 Hz.

(c) aluminium,

(d) silver.

8. A capacitor can
(a) pass a direct current, (b) store an electric charge,
(c) step-up and step-down an ac-voltage,
(d) store magnetic field.
9. Which of the following types of capacitors has the highest leakage current ?
(a) mica,
(b) electrolytic,
(c) plastic film,
10. One of the main applications of a capacitor is to
(a) pass dc and block ac, (b) block dc and pass ac,

(d) air-core.

(c) pass both ac and dc, (d) block both dc and ac.
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11. When checked with ohm-meter, a shorted capacitor will measure
(a) zero ohms,
(b) infinite ohms,
(c) very high resistance, (d) none of these.
12. The equivalent series resistance (ESR) of a capacitor should ideally be
(a) zero ohm,
(b) infinite ohms,
(c) very high resistance, (d) none of these.
13. Which type of capacitor may explode if the polarity of voltage across its plate is incorrect ?
(a) mica,
(b) ceramic,
(c) electrolytic,
(d) none of these.
14. The charge and discharge current of a capacitor flows
(a) through the dielectric,
(b) through the dielectric until the capacitor is fully charged,
(c) to and from the capacitor plates,
(d) from one plate to another through the dielectric.
15. The voltage rating of a capacitor is not affected by
(a) the area of the plates,
(b) the dielectric material,
(c) the separation of plates,
(d) both (b) and (c).
16. For a capacitor, the charge and discharge current i C
(a) lags the capacitor voltage vC by a phase angle of 90°,
(b) is in phase with the capacitor voltage vC ;
(c) leads the capacitor voltage vC by a phase angle of 90°,
(d) none of these.
17. Identify the passive element among the following :
(a) voltage source,
(b) current source,
18. The transformer cannot be used to
(a) step-up or down an ac-voltage,
(c) transfer power from primary to secondary,

(c) inductor,

(d) transistor.

(b) step-up or down dc-voltage,
(d) match impedances.

ANSWERS
1. (c); 2. (a); 3. (d); 4. (a); 5. (d); 6.(c); 7. (a), 8. (b); 9. (b); 10. (b). 11. (a); 12. (a); 13. (c); 14. (c); 15. (d); 16. (c); 17. (c);
18. (b).

SHORT ANSWER QUESTIONS
1. Express the following numbers in (a) scientific notation and (b) engineering notation.
22000, (ii) 0.00047.
2. What is the indication of gold and silver stripes on a resistor, if it is at the third place and at the fourth
place ?
3. A carbon-film resistor is colour coded with red, violet, black and gold stripes. What are its resistance and
tolerance ?
4. How many circuit connections are needed to (a) a potentiometer, and (b) a rheostat ?
5. Define electron-volt. How is it related with kilowatt-hour ?
6. Which is the best size of iron to use to solder on a PC board : 25, 50 and 100 W ?
7. In a capacitor, is the electric charge stored in the dielectric or on the metal plates ?
8. A ceramic capacitor and mica capacitor have the same dimensions, which has more capacitance ?
9. Which of the following has lower breakdown voltage : electrolytic, mica, film or ceramic capacitor.
10. What type of moving charges are responsible for conduction current in a liquid ?
11. What is the ohm-meter reading for (a) short circuit, (b) open-circuit ?
12. For a capacitor, what is the phase between vC and iC ?
ANSWERS
1. (i) 2.2 × 104, 22 × 103, (ii) 4.7 × 10–4, 470 × 10 –6
2. At 3rd place multiplier : gold 0.1 and silver 0.01, at fourth place tolerance gold 5%, silver 10%.
3. 27 Ω ± 5%; 4. (a) 3, (b) 2;
5. kWh = 2.25 × 1025 eV;
6. 25 W;
7. dielectric; 8. ceramic; 9. electrolyte; 10. ions; 11. 0Ω, ∞ Ω;
12. 90° out of phase with each other;
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PROBLEMS

1. Using the five-band code indicate the colours of the bands for each of the following resistors : (a) 62.5 Ω
± 1%, (b) 34 kΩ ± 0.5%; (c) 110 Ω ± 0.25%; (d) 82.5 kΩ ± 2%.
[(a) blue, red, green, gold, brown; (b) orange, yellow, black red, green;
(c) brown, brown, black, black, blue; (d) gray, red green, red, red]
2. Indicate the resistance and tolerance of each resistor shown in Fig. 1.17.
[(a) 1.5 kΩ ± 10%; (b) 27 Ω ± 5%; (c) 10 Ω ± 5%; (d) 5.23 Ω ± 0.25%; (e) 1 kΩ ± 1%;
(f) 426G Ω ± 2%]

Brown

Green

Red
Silver

Red

(a)
Green

Red Orange
Silver
Blue

(d)

Violet

Black
Gold

Brown

(b)
Brown

Black Black
Brown
Brown

Black

Black
Gold

(c)
Yellow

(e)

Red Blue
White
Red

(f)

Fig. 1.17. (a) to ( c) four band code and (d) to (f) five band code.

3. The length of a TV antenna is λ/2 for radio-waves with frequency of 60 MHz. Find the antenna length.
[2.5 m or 8.2 ft]
4. A 6.3 V, 150 mA lamp is connected with a 6.3 V battery along with a switch in series. When the switch is
open, find (a) the voltage across the switch, (b) voltage across the lamp and (c) the current in the circuit
based on the specifications of the lamp.
[(a) 6.3 V, (b) 0 V, (c) 0 A.]
5. Determine the capacitance and tolerance of a ceramic disc capacitor with coding

ABC
.0 4 7 Z
Z5V

[ 0.047 μF,

Tolerance + 80%, –20%, low and high temperatures + 10°C and 85°C respectively, maximum capacitance
change over specified temperature range 22%, –82%]
6. Write the capacitance and tolerance of six dots mica capacitors colour coded as follows : (a) Black, red,
green, brown, black, black; (b) white, green, brown, black, silver, brown, and (c) brown, green, black, red,
gold, blue.
[250 pF; (b) 951 pF, 10%, 100 V; (c) 15000 pF, 5%, 600 V]

QUESTIONS
1. Discuss in brief the different types of fixed resistors. What are the values for gold and silver in the four
band code if they are at the third and fourth places.
2. Define capacitor and capacitance. Describe in brief the various types of capacitors.
3. What do you mean by colour coding. Write the colour codes of various types of capacitors.
4. What are the possible problems caused by the capacitors. Define stray capacitance.
5. Define self inductance and mutual inductance. On what principle the transformer works. What are the
physical characteristics of a coil or inductor ?

