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ELECTRICAL FUNDAMENTALS

L A

1.1 NATURE OF ELECTRICITY N

Flectnicity is flow of electrons. Each substance in this universe has large-number of atoms.
Fach atom has equal number of electrons and protons. Thus the atom is electrically neutral. It has
no charge on it. Protons are immobile while electrons revolve around the nucleons in different
orbits. Some of the electrons can leave their orbit and become free to move. These free electrons
always try to have uniform concentration. Movement of free electrons is electricity, It is a form of
energy which causes tlow of current in a closed circuit by movement of free electrons.

Difference between A.C and D.C

In a closed electrical circuit, electric current is the flow of free electrons. There are two types
of electric current i.e. Direct current (D.C) and Alternating current (A.C).

1. Direct Current (d.c.): A direct current has the following characteristics

(1) It flows in one direction only.

(i) It always flows from the + ve terminal to — ve terminal of the supply.

(i) 1t may or may not have constant value and thus direct current may be :
(@) Steady D.C. Y-axis

(b) Pulsating D.C. "
A

A direct current which has constant S
magnitude is called steady D.C. A graph of
steady D.C. is drawn between current (along I
Y-axis) and time along X-axis. This graph is a
straight line parallel to X -axis as shown in 0 — o Time X-axis
figure 1.1. Fig. 1.1: Steady Direct Current

A direct current which changes in magnitude with the passage of time but flows in the same
direction in the circuit is called pulsating direct current. A pulsating D.C. is shown in figure
1.2(a), ()
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Fig. 1.2: Pulsating D.C.

Unless specifically mentioned. D.C,
batteries and D.C

2.

means steady direct current. D.C,
- gencrators. A circuit in which Direct Current flows

Alternating Current: An al ternating current has the follow
(7} It changes its direction periodically.

(1) Tt also changes it's magnitude with time.

An alternating current is shown in figure 1.3,

|

: 1 supplied by celly
1s called D.C. circyjy ‘

iﬂg :hﬂmtﬁﬂﬂm .

—» (Current

AN
T T

Fig 1.3: Alternating Current

AC. is supphied by AC. Generator (Alternator) and oscillator. A circuit in which
Alternating Current flows is called A.C. circuit.

1.2 CHARGE

Nature of Electricity: Every matter contains two basic particles i.e. electrons and protons.
The arrangement of these two particles in the matter determines it's electrical properties. Unﬂi:'f
normal conditions, a body does not exhibit any electrical property because number of electrons 15
equal to number of protons making an atom electrically neutral.

If some electrons are removed from a neutral body, deficiency of electrons is created. As 2

result number of protons becomes more than the number of electrons. Now the body attains a
positive charge.

Thus. when electrons are detached from a body, it becomes deficient of electrons and 15
called positively charged body or positive ion.

e

4



ing glectrical Fundamentals 3

On the other hand, if electrons are
pecomes more than total
a negative charge.

Th“}fl . “;gauvely charged body has more number of electrons than it's normal share.
A charged body contains either excess or lesser number of electrons than it's normal state.

-_4 body is Sﬂlq 19 be positively charged if it has deficiency of electrons and it is said to be
negatively charged if it has excess of clectrons.

Unit: Practical, Unit of Charge is "Coulomb".
Charge on 1 electron = — 1.6 X 10"° Coulomb.

! supplied to neutral body, then total negative charge
positive charge. As a result, a body no longer remains neutral and attains

1
Ils. I Coulomb = ke 10" electrons.

Similar charges repel each other.
Opposite charges attract each other.

+ « Repel eachother =+, — <«Repel each other +—, + - attract each other = —, - =
attract each other +

Free Electron: Electrons present in the atomic structure of an atom rotate around the

nucleus in different shells /orbits. Number of electrons in an orbit depends upon the formulae 27°
where 7 is number of orbit.

Thus an atom will have
2.1% =2 electrons in first orbit
2.2° =8 electrons in second orbit
2.3* = 18 electrons in third orbit
and so on

The last orbit which is also known as valance orbit cannot have more than 8 electrons. These
¢lectrons are called Valance Electrons. These electrons are loosely bound to the nucleus.

When an atom gains heat energy at room temperature, the valance electrons leave the parent
atom and become free to move in the atomic structure of the material. These electrons are called
Free electrons and their movement constitutes flow of current when a voltage is applied to 1.

Potential: Potential at a point is work done to bring a unit charge from infinity to that point.

er V= .. where V is the potential in volts
q

W is work done in Joules

q is charge in coulombs

a Electric potential is 1 volt, if | joule of work is done in moving 1 coulomb charge. It is a
scalar quantity.
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be defined as the movin

Thus. electric current may g stream of electrons flowing in an
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electric circuit.
Free electrons

Conventional Current:

that some matter flows when a potential difference or = J/.\‘_\h

Earlier it was believed

voltage is applied across a conductor, and this matter

flows from higher potential to lower potential ie. : : : :

positive terminal of battery to negative terminal. This I Direction of Direction
conventional direction of flow of current is still in use i Conventional Current of flow of
and its direction is opposite to the direction of flow of - ‘-‘-‘1““-'_’2“
electrons. Thus, conventional direction of flow of
current is from +ve terminal to —ve terminal of the

source through external circuit. e 14

The magnitude of current in any conductor is rate of flow of charge.

—-I|-—.l-
II_

ie current = charge/time

U Ry (1.1)
Unit: The unit of current is ampere. ook
As I =Qlt

as umt of charge is Coulomb and unit of time is Sec
~. Unit current may also be Coulomb/sec

tl:; Q =1 Coulomb, 1= | sec
;’ =1C/IS=1A
S0, One ampere current is saj
through it n one second, 0 {hrough a conductor if one Coulomb of charge flows
As

1Coul =C
_ omb = Charge of 628% 10'® electrons
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OZT qf current is said to flow through a wire if at any section 628 x 10'* electrons
pass throug section in one second.

Electrical Energy: The capacity of an electrical machine to do work is called electncal

enerTEy-
or
The total amount of work done in moving the electrons in an electric circuit is called
electrical energy.
Its symbol 1s E.

ie. Electnical energy = Total work done in an electrical circuit.
It is measured by the product of electric power and time i.e.
Electrical energy = Electric power X time
E=(P)xr
E=VIx1: [._; P=\'~[]
Electrical energy = VIr
Units of electrical energy :
The basic unit of electrical energy is joule or watt-sec.
One joule (or watt-sec.) of energy is expended if | ampere current passes through 1 ohm
resistance for 1 second.
1 Joule =1 volt X 1 amp. X 1 sec.
= | watt- sec.
The joule or watt-sec. is a very small unit of electrical energy for practical purposes. In
practice, for measurement of electrical energy. bigger umits watt-hour and kilowatt hour (kWh)

are used.
1 watt Ar. =1 watt X | hr.

| kilowatt hr. (kWh) : This is the commercial unit for the measurement of electrical energy.
One kWh of electrical energy is expended if 1 kW (1000 watts) of power is supplied for 1

hour.
1kWh =1kW x 1 hr.
= 1000 watts X 3600 sec.
= 3.6 x 10° watts-sec
] unit = watts X el
1000
[ rample 1.1. What is the filament resistance of 100-watt, 230V lamp?
Solation. Rated power, P = 100 watts

Rated voltage, V = 230 volts
Let R ohms be the resistance of the filament.
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d out the wattage of
1 of an electric iron is 11 56 L. ind 0 t
stance 7 F

Example 1.13. The hot resi

draws 1.956 A from the supply mains

iron, if it -
: P=I
Solution. p —t].‘)ﬁﬁ}:" 117.56 "
i S.
or p - 449.78 W or say = 450 W AR |
electric lamp with 2 filament resistance of 2

Example 1.14. What is the power rating of an

ohms when the potential across its terminals is

Solution. Filament Resistance = 220 ohms.
Terminal Voltage = 220 volts.

220 volts?

-
-

We know, Power = —

R
Putting the values in the formulae we get
p - 220x 220
220

Power Rating (P) =220 W Ans.
1.3 RESISTANCE

1.3.1 Laws of Resistance

T_-"": property of a conductor which opposes the flow of electric current through it is known
s ohm represented by Q (omega).

1. Factors Affecting Resistance: The resistance of 3 cond

(@) Material: For example, Silver is a better cunducm,uuc:: dependa on four factors
(8) Length: The longer the wire, higher is the resistance {RCOPPCI
> (Ra
(€) Cross Sectional Area: The thicker the wire, the By L) «(1.5)
bufﬁﬂ(k"‘_) " 18 the resistance and vice
\ a
(d) Temperature: Most of the materi Is hs : )
s als have higher resistay

(Note: In some matenals
lemperature rises). stanc
2. Laws of Resistance: Laws of resistance f i dc""eaSt‘s as the

or

wi
resistar
section
the um

w here

It
2.68x

resista
of one

Fi
called



conductor j e, R o

]
i |
S0 R o
i
/
or R P
i

where p 1s known as the resistivity or specific resistance of the material. It is defined as
ance of a specimen of the conducting material whose length is one unit and area of cr
m 1s one square unit, If length is in metres and area of cross-section is in square metres |
nit of resistivity is ohm-metre,

pl

R ="
a

or = ——

!
¢ /is1in metres (m)
a is in square metres (m”)
R 1s in ohms (£2)
N R(ohm) Xaimzl
I(m)

S0

the unit of p is ohm-m.
It's value at 20°C for copper is about 1.732X 10" Q-m and for aluminium is ak
x 10" Q-m.
3. Units of Resistance: The unit of resistance is the ohm (Symbol €2). A material h:

lance of one ohm when a current of one ampere flows through it on application of a volt
ie volt, For larger and smaller resistance value we use:

1 , S :
1500 ohms = | milli ohm, which is abbreviated as 1 m Q = 10'Q
] , o .
l—m ohm = 1 micro-ohm, which is abbreviated to 1 uQ = 10 °Q

1000 ohms = 1 kilo ohm, which is abbreviated as | KQ = 10'Q
1,000,000 ohm = Imega ohm. which is abbreviated to 1 MQ = 10" Q
10 measure resistance value up to 10 M€, a meter known as ohm-meter is used.

For measurement of insulation resistances greater than about 10 M€, a special instrum
‘d a meggar is used,
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) int A) from the straight line _ a s
However, in actual practice, the curve departs (point ) Path & b
The valw
low temperatures.
u(:',.s Temperature Co-efficient of Resistance
Consider a conductor having resistance R, at 0 and R, at 'C. It has been found that in g, This has
normal range of temperatures, the increase in resistance (i.e., R, —Ro) We knov
(i) isdirectly proportional to the initial resistance, i.e., R, — Ro % Rg i
(4) 1s directly proportional to the rise in temperature, i.e., R, — Ry o 1 and
(1f) depends upon the nature of material,
Combining the (/) and (if), we get Dividing
R~ Ry = Rt
or Ri=Ro = @y Ryt
where @, is a constant and is called tem i { '
perature co-effi ' 0 Now su
depends upon the nature of material and temperature. R T emnce a0 it .
Rearranging equation (dii), we get,
B Ri - RO ( 1+ ay .f;l
initi f ion (i
nmition of @y From equation (iif) we get, or
ap =R =Ry
R, xr
= increase in resistance/ohm original resistan, -
Hence te Sa/iC rise in te
~ He mpe:-ature co-efficient of resistanc Mperature
unit resistance per "C rise in temperatyrg. ¢ of materig) jg the inc i tance b
The unit of « is /C. Copper has 5 temperay, e LA "
The following points may be noted Sl '€ co-efficient of resist
(i) Those substances L Ny DFO'WZMC
S (6.2, pure metalg) yypo. '
are said to have positive t © fesig i ]
positive cmperature cﬂ-cffioicn| Uf l! IncreaSes wn_h : ) i.e. a,l
Wslsmlce‘ 0 fse |n tempcramﬂ

" the other hand, thost
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Epoxy coating
End cap

or lead
Tinned copper leac

Metal resistive allov
fused on ceramic rod

Fig. 1.11: Metal Film Resistor

' *=ISIONS a
(d) Wire wound resistors. As is clear from name. wire r“ l"'”:id r:,; i:l.:}c:
winding a high resistance on an insulating former. Commonly us
Nichrome, Eureka, alloys of silver and Nickel. _ |
Nichrome is an alloy of Nickel and Chromium while Eureka is an alloy of C
Nickel. The wire must be annealed before it is used for making a Ff?!#t‘f- It must
temperature co-efficient of resistance and low hygroscopicity. Choice of wire also depy
its resistivity and value of resistance required.

One end of winding wire is welded on a ¢ap and a calculated len gth of wire is wour
the core. Other end of wire is soldered to a metallic cap at the other end.

These resistors suffer from high frequency effects of winding. mechanical vibrai
shocks. High frequency effects can be reduced by using Bifjlar winding as shown In |
while fig, 1.12(a) (), show wire wound resistance.

These resistors cap have high Watlage up to 10 waps. These are commonly ysed j
supp_hes'. multimeter, bridge circuits, radios, Communicatjon S¥stem. Ty bé[S d .
applications requiring high power dissipation. ' o ek

Termina|s

Hollow ceramic tube

(&) Ceramic Type Wire Wound Resistor
Fig. 1.12




2. Variable Resistors: Variable resistors are used to select a suitable value of resistance
ny cin:u.il. It can be changed from zero value to the maximum value of resistance. Basically it
a resistive material to make the resistor and a movable wiper which makes contact with the
stor to change value of resistance.

On the basis their application variable resistors are classified as :

(i) General purpose variable resistors

(i/) Precision value variable resistors

On the basis of resistance material used, variable resistors are classified as

(i) Wire wound resistors (ii) Carbon resistors (iif) Cermets.

() Wire wound variable resistors : Wire wound variable resistors are made of nichrome,
stantan, Fureka or any other high resistivity material wire. The wire is wound over an
slated former. The former may be in form of a circle or an arc. A shaft is used to move a
ving contact on the resistance wire. Position of moving contact decides the resistance available
ween the terminals of the variable resistor.

A variable wire wound resistor is shown in Fig. 1,14. These can be classified as

(i)  Single turn resistors (i) Multi turn resistors

(iif) Ganged resistors.

Change in resistance may follow linear law, logarithmic law, square law, sine law or cosine law.

Typical specification of a wire wound resistor are :

Resistance law : Linear

Value 10 Q to 1000 €2

Tolerance £ 5%

Power rating - 10W

Temperature co-efficient : 100 ppm/©C

Stability : 50,000 Maximum.
Resistance

Shaft

Rotating contact

Terminals

Fig. 1.14: Wire Wound Variable Resistors
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4. Non Linear Resistor: Non linear rests
(i) Thermstor
(if) Voltage Depende
(iif) Light Dependent Resistor
] Thermistors :

sensed from its name 1U's res

Thermistor uses a semi-conductor whic ,
lied to it. (Temperature of a .
_efficient of resistance. Hence 1S re
stance value may be as large as 5% pe

tive to temperature.
on measurement an

nt Resistor (VDR)
{Ll)R}' . F: *r m -Thermal rcSistGrsul As can}i
ration. !

pends upon the (emperature of operatic |

e a resistor: Its resistance depends

depends upon the heat supplied), i
sistance decreases with rig, ‘
r degree centigrade chang, |..
h

The word

the quantity of heat supp
negative temperature €O
“hange in resi

temperature. (
temperature. Hence it 1 highly sensi

Thermistors are used in precisi
50°C to 100°C.

Construction : Thermistors are com)
NiO. Mn. O and C0,0:. Thermistors may be
& )]

(@) Disc form.

(b) Bead form.

ic) Probe form.

. ;‘ t:'";::lj;f:r (:?Sb;?g faimn is ;.mallest in size can have diameter of 0.015 mm. These can b

2.5 mm and a length val'yifgazrsoﬁ ﬁe 1:-1‘::1 etzsgrﬂmsm"at:ion' Glass probes have a diameter of abou

high pressure into cylindrical flat shapes with dﬁggf::ﬂ‘;z;mm;‘? Sby Prﬂssizng material und
.5 mm to 25 mm.

Glass coated Glass envelop

P =

d control of temperature in the range

mixture of metallic oxides such ,

posed of sintered
forms [as shown in Fig. 1.16 (g,

in the following

“ (h)

Fig. 1.16:

Applications of Thermistors ; Ty
(i) Thermistors are used for a;;,_-,:m“
rite

N "

on Linear Resistors
lSlOrs are
lempergy

(i) Thermistors are used for tempe
com

t I"l‘] ViCis )‘}\‘pt] at hl I ~
i I“ ASUTCImK nt ”f I e .
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(v) Thermal relay.

(vi) Temperature actuated control ckis.

Specifications of Thermistors : Specifications of Thermistors are:

(a) Resistance at room temperature 25 °C

(h) Switch temperature

(¢) Max. voltage at 55 °C

() Temperature co-efficient of resistance

(e) Dissipation factor

(/) Temperature range.

(i) Voltage Dependent Resistor (VDR) : Resistance of a VDR depends upon the applied

voltage. Tﬁlls a VDR can also be called as voltage sensitive resistor. Depending upon the nature
of change n resistance value VDR can be classified as

(@) Symmetrical varistors.
(h) Non-symmetrical varistors.
(a) Symmetrical Varistors : Resistance of symmetrical varistors varies equally for both

positive and negative voltage changes. Such varistors have similar VI characteristics in both
directions.

A mixture of silicon carbide grains, clay and graphite is either pressed or extruded in to
desired shape. The VDR disc or rod is metalised and leads are soldered to it. Then it is provided
with PVC or epoxy coating.

Working voltage of VDR depends upon it’s thickness and composition of mixture. It can
vary from 50 V to 10000 Volts.

(b)) Non symmetrical varistors : Non symmetrical or Asymmetrical varnistors have
different values of resistance for positive and negative voltages. Their property is similar to that
of a diode. Their resistance in one direction is different to the resistance in other direction.

Plate or disc type copper oxide varistors use a pure copper plate. A layer of cuprous oxide 1s
formed on the plate by oxidation. Silver or gold electrodes are formed by evaporation of silver or

gold on hard cuprous oxide layer.
Applications : These are used in :
(a) Protection against surges,
(b) Sensing element in voltage stabilizers.
(¢) For increasing sensitivity of measuring instruments.
Specifications : The main specifications of varistors are -
(@) Max. continuous voltage
() Maximum Energy
(¢) Maximum non-repetitive surge current.
(d) Typical capacitance.
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Rated resistance : Preferred values as per 15 842 ¢ 1965

‘olerance 'y i
T'¢ I:LL e on rated resistance £ 004, 4+ 0025, £ 005, £ 0.1, £ 025 o0 LD e
Rated dissipation at ambient 70°C

0086, 0,125, 025, 005, L0 and 20W

Limiting element voltage 75, 100, 150, 200, 250, 300, 360, SO0, 600 and T30 R
wrams.

Stability classes 0.25, 0.1 and 0.05%.
Insulation resistance 1000 Megohm minimum
Tests
(1) Solderability
(i) Temperature rise
(i) Temperature characteristics of resistance
Specification for Fixed resistors : General purpose, power
Part 1 General requirements and methods of tests ©
IS : 8909 (Part 1) 1978.
Ratings
Rated resistance: as per preferred values.
Tolerance on rated resistance 5% and 10%.
Rated dissipation
Limiting element voltage
100, 150, 200, 250, 350, 500, 750, 1000, 1250, 1500, 1750, 2000, 2500, 2750, 1
3500 V.
Types of tests : Similar (0 last ones.
Specifications for Variable Resistors
IS : 8872 (Part 1) 1977
General requirements and Methods of Tests,

There are the following types of variable resistors .
Variable resistance - Precision
Variable resistance General purpose
Variable resistance presel.
Resistance laws
Common variable resistance laws are as follows -
(a) Linear law : Resistance v/s Mechanical position curve 1 4 straight ln
(b) Logarithmic law : Resistance «/s Forward mechanical position sal
(¢) Reversed logarithmic law : The curve of resistance vis reversed ¢
curve follows reversed logarithmic law.
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1. On the basis of nature of value :
(i) Fixed value capacitor (#i) Vanable capacitor
In fixed value capacitors value of capacitance is constant and cannot be changed whereas in
variable capacitors value of capacitance can be changed by adjusting some parameters of the
capacitor.
2. On the basis of dielectric material used. On this basis capacitors are of following

types :
(/) Paper capacitor (71) Ceramic capacitor
(iif) Mica capacitor (iv)  Aur capacitor
(v) Glass capacitor etc. (vi) Ol filled capacitor.
3. On the basis of polarization. The capacitors are of three types:
(i) Polanzed capacitor. (ii) Semi-polarized capacitor.

(1if) Non-Polarized capacitor.
_/ﬁT{ED VALUE CAPACITORS CONSTRUCTION AND APPLICATIONS

I. Paper Capacitors

(a) Impregnated Paper Capacitors: Paper capacitors are general purpose capacitors. These
are constructed by rolling paper between metal electrodes. Kraft or linen paper of 7.5 microns to 25
microns thickness 1s used. Thickness of aluminium foil is 22.5 microns. Normally two paper sheets are
used instead of single sheet to avoid the possibility of short circuit, if single paper contains metal
impurities. The effect of pin holes in paper is to reduce effecuve dielectric constant, break down
strength and power factor. Impregnation of paper with mineral ol fills these viods and improves it’s
stability. Afier rolling, ends are sprayed with copper so that lug or extended foil type connections can
be taken out. Protective coating is applied and capacitance value is printed on the capacitor. Fig. 1.22
shows the constructional details of impregnated paper capacitor.

Tubular Metal Case Spun Over
Two Sets of End Dhscs

Paper Dielectnic

AN

Bakelite Disc

Metal Fol

L

\(l VIR

/ I Tinned Copper

W i
v l\!t‘lal i’."l‘f Prf':-_hf-d re T rmil
Neoprene or 2o o Pl Badeia

Ceramic Disc

Fig. 1.22: Construction of impregnated paper capacitor

22



() Low Loss Low Permittivity. Steatite is used as diclectric in this type of capacitors.
Sreatite is first ground into fine powder, then it is compressed, the impurities are removed by
heating the powder to a temp of about 900°C.

It is again ground and heated to about 1300°C. Both sides of it are metallised by thin plate or
film. Leads are soldered to the metalised layer and are brought out.

Different shapes of these capacitors such as disc, tublar or rectangular shaped C apacitors are
available. The body is covered with insulated laquer.

These capacitor are used for applications requiring temperature compensation. These are
also used for by passing.

(if) High permittivity type : High permittivity ceramic material such as Barium Titanate
BaTiO: is used as dielectric material in this type of capacitors. Their capacitance is generally high
while their size is relatively low, capacitance of these capacitors does not change appreciably with
temperature. These capacitors are used as general purpose capacitors for coupling and decoupling.

(iif) Multilayer Ceramic Capacitors : Fig. 1.28 shows the constructional details of
multilayer ceramic capacitor.

Top electrode

i, N A
(Silver)

A
R
T iy

Bottom electrode  Ceramic material layer

(a)
. lnlenml electrode
Ceramic layer —§
AT

(b)
Fig. 1.28: Chip and Multilayer ceramic capacitor
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Stato o Teflon dielectric

Stator
Adjustment electrode

* il
tor electrodl ahn
(rolor el H'l.l"‘jI g H“rﬁ“.p']
. -
T3 — o= == e ;
Ceramic case

‘ensl in
Tension spring Contact

Stator Dielectric . .
iable Capacitor
eloctrode (glass teflon ete.) () Var P

Fig. 1.30

In case of concentric type, a long metallic screw having silvered outside surface sum in
ceramic tube which is silvered on outside. The capacitance variation follows linearity. The
available upto 10 pf. Their construction is shown in Fig. 1.30(¢)

3. Glass variable capacitor: It has a glass tube. Outer surface of tube is coated '
conducting material, This constitutes the stator. A threaded rod is inserted from other end ¢
It works as rotor. Effective area of the plates changes with inward/outward movement of th
Straps and clamps embedded in the metallisation on outside surface of tube are used ¢
connections. Brushes in the intimate contact with threaded rod on pi ‘ used I
contacts. These capacitors are manufactured in 5 pf to 30 pf v piston is also used t
is 100 pm/°C. - alues. The temperature co-

Applications: These capacitors are used is ciren:
capacitance. Circuits Tl?quiring pre{:isc varnal

4. Mica variable capacitors;

These :
. . Capac o)
variable capacitors. It has two non fe Pacitors are also

frous metallic ¢

known i

; as muca com

provided between these metallie plates. Thi ' * ;
* s fo

onductin

_ g plates, ' ‘

capacitors are stacked 1o form the vy s the basic o 1 A thin film of
van "'ﬂpacllﬂl' A. “umtnnr ﬂt gL

_ _ able ¢ .
basic capacitors. e capacitor, A ceramic
. L‘(‘!“lﬂiner :
contains stack
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D.C. CIRCUITS AND THEOREMS

INTRODUCTION TO D.C. CIRCUITS

Electric Current: The quantity of electricity passing through an electric circuit is called
electric curvent or simply current.

Electric current may be defined as “The flow of electrons in one direction along any path or
through any circuit.

Unit of Electric Current: Electric current is measured in amperes.

One ampere current is said to flow through a conductor if one coulomb of electricity is
passing through any section of conductor in one second i.e.,
I coulomb
| ampere =—™
| sec

= | coulomb/sec.

For example : If 4 coulombs of electricity is flowing through any section of wire in 2

seconds, then electric current I is given by
4
Current | = §= 2 coulomb/sec = 2 Amperes.

The meter used for measuring current is called ammeter. The smaller units of current are

milli ampere and micro ampere.

1 milli ampere :l_ﬂ:i Ampere =107 A

which is in short written as mA.
1 | s
| micro amperc = ————=—— Ampere = 107" A
micro ampere = 1500600 10°
which is in short written as fA.
The meters used for measuring milliamperes
cro amperes is called micro-ammeters.

is called milli ammeters, The meters used for

measuring mi
Characteristics of Direct Current
In a closed circuit, an electric current IS the flow of electrons. There are two Lypes of electric
current-Direct current (D.C) and Alternating current (A.C).
Direct Current: A direct current has the following characteristics

77
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D.C. Circuits and Theorems -

The ratio of the potential difference (V) between any two points of a circuit to the current (1)
flowing through it is constant, provided that physical conditions, namely temperature, pressure
etc.. remain constant. The constant is usually denoted by resistance (R) of circuit,

Hence, T R, where V = voltage between two points

| = current flowing
R = the resistance of the conductor and its unit is ohm (£2)
For calculating purpose, this can be written as under,
V Voltage
R Resistance of the circuit

I

l{ﬂ I=

() V=LR=Current X Resistance
e V' Applied voltage
(©) "1 Current in the circuit

2.1.1 Conditions for Ohm’s Law

(1) Ohm’s law can be applied either to the entire circuit or a part of a circuit.,
(2) When Ohm’s law is applied to a part circuit, part resistance and the potential across the
part resistance should be used.

(3) The Ohm’s law can be applied to DC as well as AC circuits. However in case of AC
circuits impedance Z, is used in place of resistance R i.¢.,

_V_ Applied voltage
" Z  Impedance of the circuit

1

2.1.2 Limitations of Ohm’s Law

Ohm’s Law is not applicable to certain circuits under the following conditions. :
(1) For Arc lamps and insulator

(2) For electronic valves 1

(3) For metals which are heated by current 10 a high temperature,

(4) For gas filled tubes, in which ions are generated with the passage of current.

2.1.3 Experimental Verification of Ohm's Law

The circuit diagram for the verification of Ohm's Law is shown in fig. 2.3. .-’\. ulll:tm:r
having resistance R is connecled in series with an ammeter A, hancr}« l!._rhc;mstat R, and key K.
The voltmeter is connected across the resistance to measure the potential difference. |

The ammeter measures the current through the resistance R. The purpose nt. rheostat 18 (O
change the circuit resistance and hence current. Key K is to make or break the circult,
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p.C. Circuits and Theorems

9

2.2.4 Comparison of Series and Parallel Circuits

. -k S Parallel Circuit
e Thcrc is only one path for the current to I There are as many paths of current as
e , : the resistances are connected in parallel.
2. lTul_a Ilrcswlanvf:e 1S equal to the sum of its | 2. The reciprocal of the total resistance is
individual resistances i e. equal to the reciprocal of the sum of
individual resistances i.c.
RZRI+R:+R_1+...R,, | | | | "
R_—R‘+R: Ri I.‘R’H
3. The current > passing through all the | 3. The current passing through each
I'ESiSIN_WES will be the same and equal to resistance is different (if not equal).
i the main current. Greater the resistance, lesser the current
4' flowing through it.
4. The voltage in a series circuit is divided | 4, The voltage across each resistance
across each resistance according to the connected in parallel is the same.
value of resistance. Greater the value of
resistance, greater will be the voltage
drop across it.
5. The total voltage applied is equal to the | 5. The total current of the circuit is equal
5 sum of the voltage drops in individual to the sum of all the currents flowing
resistances, i.e. through various branches connected n
parallel, i.e.
V=V, +V;+V;+ .. I=h+hL+L+...
6. The total resistance is more than the | 6. The total resistance is less than the
highest value resistance connected in the minimum valug of Fesistancc connected
series circuit. in the parallel circuit.

2.3 SOURCE AND IT'S INTERNAL RESISTANCE

A source supplies power to a load. Fig. 2.16 shows o
connection of a load to a source. Source of electrical
energy may be a d.c. source or an a.C. SOUICe. Examples EE Load
of d.c. sources are : Cells, batteries, D.C. Generators and
power supplies. Examples of a.c. source are alternators, .
oscillators and signal generators. Fig. 2.16
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2.3.3 Characteristics of an Ideal Voltage Source

D.C. Circuit
cteristics i
Ideal voltage souree Chaﬁj‘d ¢ Terminal Vrf | (i Vv
is a graph between terminal v.-o!ltage % voltage
source and load impedance/current v, e
drawn from the source.
As detailed in article 2.3.2 the
terminal voltage of an ideal voltage wit
source remains constant irrespective of 0 ——= Load t“%‘ | with chai
load impedance or current supplied by ki Load IMpeg,
i Fig. 2.20 : Characteristics of an ideal Voltage,  Exampl
i = . nect
Fig. 2.20 shows characteristics of an idea] voltage source. ‘:“ch“
L
: Solutior
2.3.4 Practical Voltage Source
Ideal conditions do not exist. However It can be made as near to ideal situation as pos: O
. Poss
Pract?call}-' no voltage source can have a constant value of terminal voltage, If it could be
then it would be able to supply infinite amount of power at short circuit (zero load im
infinite load current). However the concept of ideal voltage source js helpful to undersig
practical voltage source. (ii
i
Practically, a voltage source may be considered i |
: ek : as an ideal v ing s
internal resistance in serjes with it; as shown in fig. 2.21. oltage source Having
T
Z.q “.-Dugt: C
A
examp
Fig. 2.21 ; Practical d.cfa.c yol load tc
Let us consider two €xamples tage Source
b
Example 2.16. Consider 2 6 volt source havj
viriable load of | to 9Q Caleulate loaq volt Ng an Pedanc, .
changes from 1Q o 9. 8¢ ang Yoage chang i 1 Ohm; connected v’ L
. e
Solution. Vi =6V, Rs < I " loag Voltage when N :
(i) When RS0 ae B " sourc
RS A
VL = voltage o W A 2.3.5
TR Ao 3 x
| = 3 an[s i
sourc
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For Vyy, remove load i ¢,
circuit become

__ -

ISHAN'S IFundamantals of Elngyy
U |

5 s shown in Fig. 2 67 Hanee, now - bov
Total resistance = l'i- 3
e J+ 2 4 5
= 250)
Fig. 2,66 P12
.
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%\

g, ¥
120 W
| A% 0.C el
H] +R 2 .
Vyy - valtage between terminals A, B IR,
v
or Vi [ o x R
Step 11 : Finding Thevenin's equivalent resistance . Fo
The Thevenin equivalent resistance is the resistance between the terminals AR While), |  resista®
into the circurt with the conditions 2 E
(a) Load R, is removed. psll'“"':l
(h) Volage source is short circuit or replaced by internal resistance and current g,
removed from the circuit. Therefore, given circuit can be redrawn as shown in Fig 7 .;
R, A i, b
- O
R, ~—0pR, Vv,% R,
—a '-
5 )
(a)
(b)
Fig. 2.65
Ry = RiXR,
s R, +R,
us the value of the R, i
v 15 determined” ¢
current through Jo : - nce the valye
terminals A argid B :: ";'-Slﬁlarlmc Riis determine by mnm:ctini: \mand Ry, are known, then tk|
» Shown in Fig, 2.65(p), & the load resistance. Ry, betwen|
'I = h—zrl_ Vﬂ%
1 +R
Example 233, Calculate the Curreng L L-
shown in Fig. 2,66, in AR using Thl"‘r'l.‘lllll's th E
Solution. For Caleulating the gy, - corem for the circuit » :
through AB ;¢ through 100 rcsi»,-um O curren 150 n
to find Vy, and Ry, “Hince, we have
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kb = ——="=]25A
6+10 16

Let us venfy the result by using Norton's Theorem 1542 . i1V )
R. =Rp =6Q
. a M)
Remove load from C and D and short these terminals A0V
50 *—AMW—e
ls’"' - F D 5L
) Fig. 2.92
=3333 A l
| L 3
Refer Fig. 2.93 . D_\
’ {‘ x 1{]' o e - 1"51
Vep =3.333 x Luge=3.333A 642
Y 6+10 O
or Voo =3.333 x % Fig. 2.93 P
= 12.5 volis
12.5 8
Iep = —==125A Ans,
10
SUPERPOSITION THEOREM

This theorem states that if many voltage sources or current sources are acting simultancously
linear network, then resultant current in any branch is the algebraic sum of the currents that
d flow through it, when each source acting alone, replacing all other emf sources by their
1al resistances and keeping the terminals open, form where current source has been remon ed.

Procedure
) Mark the direction of currents in various sections of the network I, 1, 1.

i) Now consider only one source of emp say E,. Redraw the circuit and determine the
current in those section as I,, I, and I, respectively,

it7) Now consider the second source E, and short circuit E; and redraw the circuit.
V) Again determine the current I, I and Iy By superposition theorem, the actual flow of
current in various sections can be determined by superimposing the current, Le.,

Il = I[I - IIH
I_‘? o l-}l N lzll
[] s I';. B l]ll

e —— . e — - - = ——— _— - ——— S -
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I i \‘-I-I'II‘ICL‘ L'hll“LcS. 1e I | I
X {! s Jod T sl I 2 SO | i | .
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Rs R 'I'L"T'I.L-'L 1 A h. ’ ! |
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S a \\1||JLE source s 4 s d 1o hc a [ Jond Vv [ﬂ!ge S01 |'|'ce A ‘h ] |
kt‘l[cigt‘ s LE. s Il(t .i H II

of sources remains unchanged imese,

deal Voltage Source | |
i ible if source resistang \
[t is pOsS! e

he terminal voltage
ed by it.

jeal voltage source ¢
an ideal voltage .
he current suppli

ce) 1s Zero,

In
the load connected to tort

A.0. SOUTTe, it 15 source 1

Practical Voltage Source R——— i s

- e . P
ldeal conditions do not exist. Howeve ant value of terminal voltage. If it could be

A /e 4 cons . - :
Practically no voltage source can have a power at short circuit (zero load Mpeg,

: supplv infini unt of .
then it would be able to supply infinite a“:;’ of ideal voltage source is helpful t0 ungg, ™t

infinite load current). However the conce incom
practical voltage source. ; 2 first 1a
. i eal voltage source havip; .
Practically, a voltage source may be consid as an id ’ b
internal resistance in series with it a
Current Source
A current source is similar to a voltage source. It can also supply current to a load coen: J
10 1. If there is a constant current source, it should supply a constant current to a load coms acting
w0 1t. The current supplied should not change, when load connected to it changes. resist:
Ideally 1t should supply a constant current I, even on infinite load i.e. when output tem=
are open circuited. In such a situation power supplied by source I° R, will be infinite as the
connected to source is infinite. This is impossible. No practical source can supply infinits po
practical current source should have high value of Z. hia
Any source supplying a load can w L e
i e el pfd e ork as a voltage source or as a current source depe”
z source impedance, Z, . taker
If ratip —— i5 sma .
z, Il. the source works as a voltage source.
take;
Ifratio =— jg -1
Z gh. the source works as a current source,
Given souree cap b
€ represented either ac
circun conditions AT €T as a voltage @
Thus a voltage souree o conditions, e
g e can be converted intg an equival star
choff's | gw alent . nop-yer
e .Ihs current source and vice-ver* elec
complicated of tr

senes-parallel cjrgyj, and

' a ! Lann "
solved by applying Kire ol be .

solved «
ORFs layy LY BY applying ope s
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ual to the sum of outgoing currents leaving that point. If 1, 1, L. ls. 15 and I; are the currents

ting at junction P, flowing in the directions of arrow heads marked on them (see Fig.) taking

ming currents as positive and outgoing Fig. currents as negative, according to Kirchhoft's
law (KCL).

1, - 13—1_=+l4+]l -lg =0
or h+L+tlk=hL+L+l
KirchhofT's Second Law or Voltage Law (KVL) or Mesh Law

According to this law in any closed electrical circuit or mesh, the algebraic sum of emfs

ag in that circuit or mesh is equal to the algebraic sum of the products of the currents and
stances 1n the circuit.

Application of Kirchhoff's Law in Circuit Solutions

While applying Kirchhofl's second law, the question of algebraic signs may be troublesome
resistive drops in a mesh due to current flowing in clockwise direction must be taken as
itive drops.

The resistive drops in a mesh due to current flowing in counter-clockwise direction must be
'n as negative drops.

Similarly the battery em/ causing current 10 flow in clockwise direction in a mesh must be
*n as positive emf and the battery emf causing current of flow in counter-clockwise direction in
esh must be taken as negative em/.

Simplification of Circuit Using Star-Delta Transformation

There are certain circuits which cannot be simplified by merely series and parallel circuit
5. For simple and easy solution of such circuits, conversion of delta connected elements into
- and vice versa is required. It is carried out in such a manner that the (wo circwmits are
ctrically equivalent i.e. resistance between the corresponding terminals is same. The methods
ransformation from delta to star and vice-versa is described below:
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f.C. CIRcy,
—

- irection 1s called direct current ang t
A circuit in which current flows only in one direction is c: he =
Ak
| ' know C. supply system.

system 1s commonly known as D. \ . | M
. | es ca

Another supply system in which current varies in magnitude and i pe lly i
an altemnating current and commonly known as AC supplg. system. ldhcrei .ﬁm;
that current which flows once in one direction and then in the reverse direc ;

altcmaring Clrrey

3.1 CONCEPT OF ALTERNATING VOLTAGE AND CURRENT

When a current carrying coil is placed in a magnetic field, an e.m.f
to Faraday's laws of Electromagnetic induction. The magnitude of thj
upon the rate of change of flux linking with the cojl.

When the direction of magnetic field or coil js reversed, the directi
coil is also reversed, When magnitude of flux '

is induced in jt accords
s induced e.m.f. depeng

in magnitude of induced e.m Therefore nature of current in the load also changes
i
e AN
- —

{a) (b)
Fig. 3.1
For the generation of A.C,, the machine jg designed g as to )

. . . generate 3] ; -
such type of changing natyre e-m.f. is applied across alternating e.m.f When

load Similar changi ,
= n & I
flow through i, BINg nature of cyrrent wil

(a)

{(b)

Fig. 3.2
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AC Gircuits
ATION OF ALTER 161
3.2 EQU NATING EM.F. (VOLTAGE)

An alternating e.m.f. can be generated in a coil b

cﬂﬂsmnt -_.-,pecd. It 1s now desired to find the equ
ﬂnder!‘m"d the performance of an a.c. circuit

AT e

Y [ ) G

-4 rotating it in an uniform magnetic field at
at ¥ ) g

atton of this ﬁhk'fnalmg f’m_f_ in order to

L
l + P_cos art
N-turns
:.:;l P ain wt
(b) (c)

Fig. 3.3: Coil and Coil linking flux
Consider a coil of N-turns rotating in an uniform magnetic field in the anticlockwise
direction with an angular velocity of w radians per second as shown in fig. 3.3. Let the time be
measured from the instant when the plane of the coil coincides with x-axis. In this position
maximum flux is linking the coil. As the rotates, flux linking with it changes and e.m.f. is induced
init. Let the coil turn through an angle € in time ¢ seconds, clearly # = wr.
In this position of the coil, maximum flux acting vertically down-wards can be resolved into
WO COMpONENts i.e.

(i) Component @me. SN @I parall
e.m.f as it is parallel to the plane of the coi
change of flux linking with it.

(i) Component Puay COS @I perpendic
e.m.f. in the coil.
flux linkages at this instant

— Number or turns X flux linking
= N Xy, CO5 O
According to Faraday's laws of electromagnetic i“‘-l““‘_i“
the rate of change of magnetic flux linkaging with the coil.
coil at this instant is given by

el to the plane of the coil. This component induces no
| and a coil moving parallel to flux has no

ulars to the plane of coil. This component induces

n, e.m.f. induced in a coil 1s equal w
Therefore, e.m.f. (€) induced in the

¢ (Nux linkages) L300

dt
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) will be maximum when

35

i = 1 or wr = 9¢ge
sin w! 90_;_%.

- AN Pruar €08 wl)
o dt
d
“ (coswi)
= "'N‘pnm.\ df{
- N¢|M\ w (_ Siﬂ ﬂ”}
€= N(‘r@mﬂ_\ gin .
The value of instantaneous emf. (€

denote this maximum value by B

Boax = N (U(Pmn\

i 3 ;I i sin @ { we gel
Putting this value of E s, in equation N @ @ma

¢ = Ega SIN 01

or e =Equn sinf

(33

: i i il. It is clear from the equat..
This is the equation of the alternating e.m.f. induced in the coil. It 18 o::lt i [hm:];han;_-
that instantaneous ¢.m.f. varies as the sine function of time angle. A current i the

circuit when voltage of e volts is applied.

The equation for the sinusoidal current is given by

i =g sin®

i = | SN @f

3.3 DIFFERENCE BETWEEN AC AND DC

-

r_“ Altt:rnating Current (A.C.)

Direct Current (D.C.)

(1) It changes its direction 50 times per
' second, hence its frequency is 50 Hz.

| (2) It can be easily transmitted from one

‘ place to other.

1 (3)
(4) Its magnitude can be varied with choke

| without dissipation of energy.

‘(S]

It can be converted into to D.C. easily.

It produces heat when passed through a

| resistance.

‘iﬁ; A.C. source has two
current flow + ve to

\» periodically

terminals and
ve terminal

35

It does not change its direction

It is difficult to
expensive,

It can be converted j

transmit and is more

. : nto ac by using inverter.
| Magnitude can be yayieq by resistance in

which energy i dissipated in the form of heat.
It also Produces heat,

D.C. source has
also .
ve and - ve [ermimls two tel‘mmals, marked |

an i |
L1 ¥e10 -~ ve through ghe Iof;:rrent Siways flovs

—— _—
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L sU.Ft5
g 181

|ngmnmnmu& power, p = ei

=Ensinwr. 1, sin (wt - 71/2)
=—En | sin ot cos Wl

2 S
N =810 2o

-

Average power, P = Average of P over one cycle

e

— e m
=
A ‘-’
T 2

Sin2wtd(wi)y= ()

Hence power consumed in a pure inductive circuit is zero,

power Curve: From .the power curve diagram it is clear that the average power in a half
cycle is zer0, 5 thee neg,alwe and. positive loop area under power curve is the same. Fig. 3.22
jows the power curve for a pure inductive circuit. During the first quarter cycle (90°) the power
s supplied by the source that is stored in the magnetic field set up around the coil. In the next
quarter cycle (i-¢- 90°), the_ magnetic field collapses and the power stored in the field is returned
o the source. This process is repeated in each and every half cycle. Hence no power is consumed
napure inductive circuit.

1,8 ALTERNATING VOLTAGE APPLIED TO PURE CAPACITANCE

If two conductor plates are separated by an insulating medium which may be air, a capacitor
s formed. The insulating medium is called dielectric. A capacitor blocks the flow of D.C.
ompletely. However A.C. can pass through it. A capacitor blocks the flow of D.C. completely.
However A.C. can pass through it. A capacitor shown in fig. 3.23 is connected across a sinusoidal

varying voltage given by. c
e = E,, sinw/! R 0 1
Let C be the capacitance of this capacitor in farads.
The charge on the capacitor at any instant. i T
g =c.e=CE,sinot
- —{~}
[-e=Ensin w!] il g
e=E, sinad
ig. 3.23
The capacitor current | = j—q (Rate of change of Fig
t
Charge)
i= i‘i - .d— [CEm sin wr]
di  dt
= CE, @ cos wi. )
" i =CE, w sin (¢ +90%) (2) [coswr = sin (wr +90 L
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; B 191
Vi=1Ix
% X,
@
—TR & =l
R A
(a) Phasor diagrams (b) Impedance triangle
. (c) Wave dingram
Fig. 3.29
ang ; Thus 4 right angle triangle whose base represents circ uit resistance perpendicular, ¢
b < polenuse represents circuit i ~ gingi b SICUlr, represents
p“‘“ actance and hyp< rep mpedance is called in impedance triang|e,

The concept of impedance triangle is useful since it enable ys to calculate;

;) The impedance of the circuit Z = YR? + X2

(i) The power factor of the circuit cosgp = R/Z,

(i) Phase angle, ¢ =tan "~ ' X/R

(v} Whether current leads or lags the voltage.

It is always helpful to draw the impedance triangle while analysing an a.c. circuit,

PHASE AND PHASE ANGLE

Phase of an alternating current means the fraction of the time period of alternating current
e has elapsed since the current last passed through the zero position of reference.

The phase angle of any quantity means the angle which the vector representing the quantity
Takes with the reference line to be taken at zero degree or radian. It is represented by ¢.

Phase angle ¢ is positive if the circuit has resistance and inductance or it is an inducuve
‘et Phase angle is negative if the circuit is capacitive.

L12R-C SERIES CIRCUIT

The Fig. 3.30(a) shows a simple circuit pure resistance R ohms and a pure capaciance 1
ey

C

the current flowing

A voltage of rms. value E is applied across the combination. Let
iy B .
each "8 the circuit be | amperes.
ngle ﬂ_m_lﬂ Ey be the voltage across R and Ec is the voltage across cap
anc® "by drawing the phasor diagram. [Fig. 3.30(b)].

acitor C. The circuil can be
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ottt

\ Powet e I
| :
k1 Apparent power

wample, in a resistor, the cur
 example current and voluage are iy ph
hse

_ L Similarly, phase
pute inductive or capacitive cirenit i 9()°

{ a pure pesistive cireuit s cos (¢ €. @ = 0 Thera
il dify - Therelore, power
erence he '
ini H elwe

- Hence power 1

) e L& v :
s 18 the reason that power consumed by pure L or (‘I_ rlactor of
‘ I8 ze

ring Proportions, the value of power factor will lie

en voltage and
Pure L or C circuit is

1o, Fora ¢

v ). For a cireniy having R, 1. and
. elwe -
getor can nevel have a value preater than | e SOSEES

It 1s & usual practice to attach the word lagging' or leading with (1
with the

power factor to sigmity whether the current lags or leads the vol
: $ the vo
has a .12 0.0 and the current lags the l

numencal value of

age. Thus if a cireut
voltage, we generally write p-Las 0.6 lagging

) Sometimes power factor is expressed as a percentage. Thus, 0.8 lage: ,
may be expressed as 80%, » 0 1E8INg power factor
Disadvantages of Low Power Factor

wer consumed in a single phase circuit

) e T
t £l cos ¢ A0
'I'Il
" . {11}
Licos¢p i

om equations (i) and (/i) we see that for a fixed value of power and voltage, the load
are inversely proportional to the power factor. Lower the power factor, higher 15 the
and vice versa. The higher current results in the following disadvantages.
Larger Conductor Size: To transmit or distribute a fixed amount of power at a fixed
voltage at low power factor, the conductor will have to carry large amount of current
which will necessitate a larger conductor size. .
Larger Copper Losses: Due (o more current carried by the conductors, I” R losses are
increased which results in poor efficiency of
Poor Voltage Regulation: Due (0 low power t‘ucturr
drop in transformers, alternators and transmission 11

transmission or distribution,

and increased currents, th
h again results

¢ voltage

nes 18 more W hie

poor voltage regulation.

Large KVA Rating of the Equipme
alternators and transformers is always ra

W
cos¢

lectrical machines €8

at: The output powet of ¢
, kVA

ted in apparent power i€

Because kVA
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i L
NORTH Fundamental of Elacyy, : {,
: A

-« inversely proportiong| ™
, equipment 18 II.W ; y lo "lcp“ \
204 ting of the €4 o Therefore, at low powe, ™
: gee that the ratie will increast . . Wl
Thus, we § he value of KVA WS e the size and cost of the quipy, ™

At low power factor, ll‘_ alledl which will InCreds My
.+ LVA has to be inst .
of higher kVA |

power Factor ‘
quses of low power I'ac.lur.‘ ) |
s are the inductive du_'wccs whu: cause the - ‘
(hey operate at a lagging power factor. ”nwcm. : l
nt does not affect too much, but at low loads sy

ble effect and lowers the power factor,

The motors which are used in industry are mostly inducti(}? motors lhaving g,
loads, which have low power factor. Normally the power factor of mdmm:i
varv from 0.8 to 0.85 when operating at full load and 0.3 to 0.5 when Funing
i.e. at small loads.

3. Arc lamps, heating fumaces (Induction and arc furnaces) also operate at a |y, "
factor (lagging).

3.15.2 Causes of Low

The following are the main ¢
1. Transformers and choke
behind the voltage I
loads. the magnetising curre
the magnetising current has nota

_QJ

3.15.3 Advantages of Improved Power Factor

When the power factor of the system is improved, then the current flowing through w
the system decreases for the same load. A decrease in current required has following advamz
Small conductor size.

Small copper losses, better efficiency.
Less voltage drop, better regulation.

For the same kW out put, smaller kVA rating of the equipment.

ol i

Example 3.30. A single phase 220 volts, 50 H
4 power factor 0.5 lagging. The motor pow

connecting a condenser in parallel Caleula .
. the . el
Solution. Applied voltage, [ 220 vols capacitance of the capacitor requir

Current taken from supply, I = 50 A
Supply frequency, f=50Hy
Power factor of the motor cog b1 =05 (lagging)
; ' 3ing
P =cos™' (.5 = 60°

Active component of current, | - |

s Ig = CUS¢-:_-5“}<US:;7
_ | ant, =
T'he active component of curreng

Since load on the motor js const

A

Temaing the Same

S e
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on.ﬂGNfETI'C CI*R((" |

S
4.1 CONCEPT OF ELECTROSTATIC

1. of matter is that they devey,
{ some elementary ]‘"rm]“ "IAm‘I rge can be positiy " Sl

A basic property ol 3 i charge. cha Sttive or |,
influence. This property is known as electric -th‘b ires a mass to exist. But electric bl
S I exist on its own, it always requiTes Moy,
Electric charge can not exist on It t independently e.g. an electrop CaTjey

ible i itive sgative ¢ :
is possible i.e. positive and nege . 1 one place to anoth
oG 4 can remain stable or can mMove fron p €T and g,

different effects in both the cases. The behaviour nt.' s.-t;umlnary thf’rgfe::nc::i:::s:tsfmm tha

moving charge. The effects of electric charge at rest 1S _-"’“'d'Ed WpESS il‘ - 30 the j

of science associated with the study of effects of stationary C.llﬂrgc? is called Flectl‘ostatiql
Electric charge is the property of matter due to which, it exhibits electric, magner,

harges can exIs

negative charge on it. It

electromagnetic effects.

Electric charge is a fundamental property of matter. It has the following properties,

(i) Electric charge is quantised i.e. it occurs only in the integral multiples of a bas;
smallest quantum (packet) which is equal to the charge found on an electron.

. The charge (g) on any body would follow,
g =xne, wheren=1,2, 3 ———- integer
and ¢ = charge on an electron = -1.6x10-19C.

(i) Electric charge is conserved ie. the total electric charge in an isolated system rem
iffﬂl;;ﬂzda':o Iﬁcm that o nﬂ. ?hﬂfﬂe can be created or destroyed. Whe
the al Brbraic. su;n 2;‘1 ih:l;‘:: ';:’f;ii:‘i';“\*c af]d . egallve charges are produced. &

) _ ; after ionisation remains the same.

(iif) Electnic charge is a scalar quantity.

(iv) Electric charge is always associated w
not carry a charge).

(v) Electric charge is additive i.e.

Ith mass. (The massless particles like phoi’

Its sum can be f
S € o | R,
(vi) Electric charge remains unaffecied by the motj und by an algebraic sum.

10n.

(vii) Electric charge at rest causes an elecric field
- LT £ i 1 le :
Causes a magnetic field and whes . .
(viii) There are two ki - When Aceelerated, jy emits eleg | i
re are two kinds of electric Charpe name| Ny
- MMeEly positjye
when a4
IS Induceqd on

. : )
hile moving at a constant sper

(ix) Electric charge can be indug
an equal and opposie

and negative. &
eutral body g brought near a charged ™
the Neutry| body, |

ed j ¢
(.'hurgc

20 |

41
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1 e iUl
o - ~harge is coulomb de
& Il'llfl '-ﬂ charge h [ [:EOtEd by . In e| .
A re-hour (Ah). In chemistry e CCtricgy ... . 22
¥ is APl f one mole of ele ise the it of o Bieer,
e e of charge O ol electrong ie 6. f Charg,, M8 the
¥ it ivalent to 6.242x 1018 22 x 102, B¢ ag g, it of
BT b in equIVA’E ' "¢ where ¢ jg Charge (¢ Plctron, ey,
ol 602X 10-1°C. One coulomb is defipeq as the °Fa protgy,

. | a » 4 uan - e e Ch
LA - carrying one ampere current in one Second 0 Chargc th 2e of

‘ : =
217 states that *The Magnitude of the electri, for Passe
Yy ce
(¥ r:'lhﬂl‘fiﬂ"nl o the pr{;:j“c't Of the two charges and h‘“‘eml o - tl’llrnu is
,:-*-.‘j.nc jistance between them'. ‘ TOPOrtiong) o th
¥ A

%o charges g and g, present in vacuum at poj
" force between two charges is given by
99>

FU'CdE

(@) Repulsion

©—
(b) Attraction
Fig. 4.1
uomt's Law for the force between two charges can be written as
w o2 . G
il s o
" L0f vacuum or air

F ) qlqz ' ,_‘4. 1)
2

| 4me,d

-’.-%ch t‘._ = I)

oy CHARGE .

I'- “Yuatign (4_”_ -

9 =q,=1C, r=1m,then
. Uhe Coy) F =k newtons =9 x 10N rts a foree of 9 X 1V N
i Chy "Mb is defined as he quantity of charge that ex¢

i € placed i : tre from it
."’q Placeg I vacuum at a distance of 1 metre d

Il’lbjil (‘
I

-¢ of
g distance ¢
A ¢ ted by 4
‘ I altu ate the cﬁ'ul(jmb f(jrce between two prﬂtuﬂs “pafﬂ
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fj . Both &% *=— . ity or stren g
and netic field intensity © gth of magn‘“izin;f'f
3

is called mag 4 _
ed around a conductor, carrying .

Ris field produc . .
ced by a unit charge moving wig,

the force experien . . Nty |
field at that point. It is also called Magneg,

Iny,

eld is represented by B
-oduced by magnetic poles. It
On the other hand the
agnitude of B field is equal to e
srpendicular to the direction of magnetit
- magnetic flux density. » o
The H field is applied (o Poisson's model while, B field 1s app e PETe's mode|
GS unit is gauss. The SI unit of H is ampem""mm.

The S I unit of B is Tesla and C : _
‘ to magnetic cha .
d CGS unit is Oersteds (Oe). H field 1s produced due to mag rges while p b

oduced due to moving electric charges.

2.2 Properties of Magnetic Field B and its Units

1. Itisa vector field
2. The effective magnetic field at a point due to several sources 1S vector sum of my,
field of each individual source at that point. i.e. B= B kB A By T

3. The magnetic field B is directly proportional to the force F experienced by amg
charge which is already directly proportional to charge ¢ and component of v
along perpendicular direction i ¢ v sin £

Thus fxgvBsin#®
or f=kqvBsint
or f=q (VxB)
- B=—01
q v sinf
if g=1C,=v=1m/s,0=90°and F=1 NthenB=1T

Th ‘ ' ' int, i
us magnetic field induction B at a point, is said to be one Tesla if a charge of one ¢

oving at right angle to magnetic field wi :
with : . o
at point. a velocity 1m/s experiences a force of | N

| I T =IN/A/m
Dimensions of B are MA™' T

experienc . .
"m’tperlen;ed by a unit north pole placed & tha
ve when free 1o do so. The magnetic intens!?

En'ﬂil: Iil'lﬂs, of fi af |
a : . orce crossi : hat
: area being held perpendicular to the itectioiiot € Crossing per unit area around !

Ol ma ‘ '

SIunit is Ampere/meters (Am ') or Joule/Tesla/ :
Magnetic intensity is also ¢ wAmeter
Ld"ﬁd mﬂ V] - -

: : e
ignetic phenomena in terms of thejr ma::li:[tik !Ie]d strength. It is a quantity used 10 d
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o Clrﬁuils

. Lines of Force

et “h imaginary i 223
., fines of foree AT h ginary fines represenyip, the g

AIe ' ese 1 i ; . Uireey;

¢ at any point c.m t ,“agmar}" lines BIVEs diye, “Clion OF mag

i .'[ ool nmg_ncll{.‘ lines of force at any point g Cliog of - Enete field "
nstly ©° " . . : IVes the e fie ‘ ¢
je by Michael Faraday. Their properties are as f“"qu ANitude o " ‘L"-rnr Al thy
ct g ” - h & . & 8 ¢ e

| tic lines of force are closed curves, They traye elg They

g

"\ . the magnet and and from south pole to north po

fu
I ﬁ‘nm north

' . ]! "
Ie inide g Dr € o soyp pole
: Afnet 44 Shownq in

Fig. 4.2

rhev do not have any origin or end. They are closed and continuous curve.

Th:::\' do not interact with each other.

Thev are crowded near poles and distended from magnet as they move away from
wles.

Thev can emerge out of north pole at any angle and can merge into the south pole at
my angle.

Thev never cross each other because an
eld at same point, which is not possible.

intersection shows two directions of magnete

ignetic Flux

mount or number of magnetic lines of forces set up 1 "
flux. Its SI unit is Weber (Wb) and CGS AP I.hjllmw.ltllelil.‘ field. It
i hines of force passing through some surface h_eld in fna:  ce vecto
thematically it is the dot product of magnetic field B 007

n a magnetic circuit is called

is 4 measure of number

18 denoted by
g, Magnete

“ Quantity
¢s = B.S -
e
= BS cos 0 )Clld“-uiﬂ dist
g | . 1iag of force and perl
. S the angle between the magnetic lincs
“earey,
-
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Magnituge o1 e~ -
ortiona
oil and is inv ersely prop |

Bal_Bﬂf;

ic Field duetoa solenoid

of wire. It works like a

A large nu
shows a solenoid and th

1 Magnet

A solenoid is a coil
20id is a long cylindrical helix. A

\d over a circular tube. Fig. 4.5
of current through it.

n electromagnet when current floy, thry

mber of turns of an insulated Copper
e magnetic lines of flux Fmd“

//_

Y
'HT-H
T YT1TY V¢
""IL

\
oooo\\

Fig. 4.5

Lines of magnetic field are uniform
netic field at any point P i the sol

|
ZﬂuNT{Luxf) ~cos6,)

and
enoid i parallel to the axis of solenoid within the *°
noid is given by formulae.

B =

where N is the number of turns of

sole
's variation of B with distance from noid, B mrlt:-.

one end
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-'-J-_:_._..- Lo puing g INT ™
9 B i . End Point
g NT 2

S—

2

; .-
Distance from one end
——

Fig. 4.6
ved that value of B at ends of the solenoid is half the v,

" i -y : lue 0
¢ enough. The \-a!uc n'f B in the solenoid is uniform (except at ;B at the centre ¢
<is found by using ri ght hand rule. th ends) Direction

etic Circuit and it’s Analysis

«d path followed by magnetic flux is called
circuit.

metic circuit usually consists of magnetic
+ing high permeability (e.g., iron, soft steel
crcuit. magnetic flux starts form a point and
« same point after completing its path.

Imﬂ core

- ows a solenoid having N turns wound on
¢ (ring). When current 1 ampere is passed
wolenoid, magnetic flux ¢ Wb is set up in the

Fig. 4.7

- mean length of magnetic circuit in m;
- area of cross-section of core in m’;
= relative permeability of core material.

lux density in the core material, B= 4 Wb/m’
a

s ~ B ¢
“ising force in the core material H=——=""~ AT/m

:"'mur a’u“‘ur

if . :
£ " o work law, the work done in moving a unit pﬂl':? _
“ual 1o the ampere-turns enclosed by the magnetic circuit.

s[1C '”'\:ull

HI =NI or —2—x/=NI
aluﬂ.rur
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@@ Self induced e.m.f.:
inking with 1t changes- )

ﬂ is rate of change of current thres
| ‘.._‘:l‘ 1

' ~tance.
Where L 1§ co-cfficient of self inducta I

m.f. induced in a coil when the fly, -

teelf. + It is the €.

(i Mututally induced e.m.f.
mnother coil linking W ith it changes.

di

e =—M 7

' ' i B is rate of change of _

Where M is co-efficient of mutual induction, i g ot |

hrough the other coil.

1.7.1 Principle of Self Induction

The property of a circuit, by which an e.m.f. is induced
n the circuit whenever the current flowing through it
-hanges, is termed as self inductance.

Consider a coil of N turns (air core) carrying a current
»f | amp. Let the flux linking with the coil be ¢ webers.

Then flux linkages =N I »

The lines of flux linking the coil will change with 4 |
‘hange in current. This will induce an e.m.f. according to o™ .4
Faraday's Law. The e.m.f. so induced is called Self-induced ““‘:::::::"’
iy / ce

Fig. 4.9

1.7.2 Coefficient of Self-Inductance

Ng
—i.e., flux linka . :

I EE per ampere 1s called the ¢ , — .
e co-efficient of self-induction o '

lenoted by L.



w‘ k‘ B L-LH“
L

™~ )
" . MuhH“! Induced emf 243
apsider Two coils A and B pla ed cloe
fLH .y links with the other nEl ; . u‘lm.(- ' each other so thay the flux prog
compicEe. ted €t coll A have a hattery and swite eoeeeed by one e
[t coil B be connected to the }'.'-’l]\:lnnwm[w G as shown mn lll.‘! 4 ];“ eh §, vanable resistor Rhy
o . L ¢ b i b
\
4]
N 3 -

R,

G
5°_*‘| I'!'-
Fig. 4.12

;_.-..n:tl;z: :;:;h“?l ]::t;?rr;‘r\;:;ﬁ:t :‘:\:; ‘z!xfnt?g: c;atl A s0 no ﬂlfx 18 produced by coil A,
TR ——— G .il ok l:tl in ‘uﬁm‘.i n le. B. Galvanometer S.hnus zrero
nsing from zero value 1o a finite value lh;: flu P RARLA N "'l""‘?“j' current n coil A starts
. ; 8 X 1s produced during this period and increases with
the increase in current of coil A, flux linking with the coil B also increases and an emf, known as
mutually induced emf, is induced in coil B, current flows and the galvanometer shows deflection
As soon as the current in coil A reaches its finite value, the flux produced or flux linking with coil
B becomes constant, so no emf is induced in coil B, and galvanometer pointer returns back to
zero position. If the switch S is now opened, current will start decreasing, resulting in decrease
flux linking with coil B, an emf will again be induced in coil B, but in a direction opposite o
previous one. This fact will be seen by the galvanometer deflection in opposite direction.
Hence whenever the current in coil A changes, the flux linking with coil B changes and an
emf, known as mutually induced emf! is induced in coil B.
Consider coil A of turms N, wound on a core of length / metres, arca of cross-section a
square metres and relative permeability x,. When the current of i, amperes flows through it, a flux

of ; .N'ﬁ is set up around the coil. Presuming that whole of the flux produced due to change of
f Mg, a
current in coil A links with the coil B having N; turns and placed near by coil A.
Mutually induced emf, ¢, = - N)XRate of change of flux linkage of coil B
= - N,y xrate of change of flux in coil A

d Nl.ll . _NI:N :il-.ﬂ“r.ﬂ!. .l._|‘f|_
ST ;f: ;.’I M A { e/
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e — __——.__—.—__-_‘_‘___"_'-—._
Similaritics et § Electric circuit s |
—— ____. 1 __————___.__.—__—__'_“'—--__, A
‘ Magnetie cirenl " e closed path for electig -
L-E_ " The -L'Esq-,‘{l path for magnetic T called electric circuit, nt'?: a
' P S ] ——
called m:lgiwft _L"'_'L‘ﬂ"_ - I_z_ Current = e.m.f/ resistance "““‘».ﬂ__.|
2. Flux= E—"_‘;“"_”‘_““E"_w_—¢ ———""3.  Current, | in amperes. ]
3. Flux, ¢ inwb. R ____————-""1‘_—@ m.f. V. T |
_— : .m.1. *
4. mmfinAT. e th
e . - al
' I { 5. Resistance, R = p— a
= w e B thWb N a
5.  Reluctance, S an B, |
ey |
_ - T
ctance = l/resistance = —
6. Permeance = l/reluctance = S 6. Condu = R |
o - J
7 Pfl‘lmﬂblllr_‘,’. u 7. Conductl"lty, a ”p |
- l 3 1 F
8. Flux density, B =-'£'.:.rb.r’m2 8. Current density, J = o A/m’ | 1
d |
| 9. Magnetic intensity, H = NI/ 9.  Electric intensity, E =V/d
1|
Dissimilarities ‘
' Magnetic Circuit Electric Circuit |
1. The mf‘;gnelic flux d_oes‘nm_ﬂow butitis | 1. The electric current (electrons) acusl
set-up in the magnetic circuit. flow in an electric circuit. |
2. F“ur magnetic flux, there is no perfect | 2. For electric current, there are b
insulator. ll. can be_sel-up even in the number of perfect insulators like 25
"f’“'mgﬂellc S U b, air, rubber etc. which do not allow ¥
glass ete. with reasonab ’ n
nable m.m.f. flow through them under o™
3. The reluctan (S) of 8 magmetic cimnesr ] conditions. 7
. feluctance (5) of a magnetic circuit | 3 g - |
Is not constant rather it varies with the = resnstanc.c i »
value of B. constant as its value depends UN"
' — value of ioh 3 nstant
4. Once the magnetic flux s sel-up in a |4 ﬁ-)whu.h e a'“‘i“‘ m-—~-l-;" ¥
magnetic circuit, no energy is expanded - Energy is expanded continuou* !'l; i 5
HU\-\-‘_cw:r, a small amount of energy “ long as the current flows 'hn.m_sw-::
required at the start to creaqe flux in g ) ftleclnc circuit. This energy is 415
circuit. L In the form of heat. i
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Xa - i - W = 5 2 = ‘m- - "L‘q IM

-oil proauves et UL L AL Whep 5 mf) hy

© eum € p Currept of | Amp, Prodye,q h\. Mhey o
iy

|‘|:|.I

ahe jrcuits Y the
it e magnetic circuit It consists of three differen; "
et e SR sectj
s ofvarious sections be /i, 1> and I, megers and the; ol et

_‘,..f_'lh'-‘ L T . Cir areg of Cros > nﬁ[ﬂ'q] Les
. pectively- o S Sectiog bes

L 4ance offered by the magnetic circuit, A A
el -

S =31+ 8;+ 8, (They are In series)
. circuit may have an air gap.,

. ang with an air gap.

sgnetic flux completes its path by flowing through the
+ar all the magnetic flux leaves the ring, passes throy gh the air 5 8. It can pe

-plete 1ts path, but practically it is not so, A part of the magnetic flux Jeaks g
. « known as leakage flux. rough the

<o flux passing through the air gap does not re-enter into the

; magnetic circuit and is
soe This is called leakage flux and is not useful.

Total flux = Useful flux in air gap + Leakage flux

fav's First Law: This law states that when the flux linking with the coil or circuit

~emf is induced in it or whenever the magnetic flux is cut by the conductor an emf is
the conductor.

ams the production of e.m.f. but does not explain the magnitude of e.m.f. induced
2y's Second Law: This law states that the magnitude of emf induced is d',mﬂ}'

110 the rate of change of flux linkage and to the number of turns of thc coil.

s law' states that the direction of the induced emf and hence direction of the current
‘Upposes the cause producing it.

of Induced e.m.f:

1. may be induced as ; - '
‘tamically induced e.m.f. : If the magnetic ﬂ‘j‘x N smmnﬁ:.ﬂ.mﬁ
@ though the flux such that flux linki ng with it changes, uses this princiPe
"uced e.m.f, EMF induced in generators and ?hemamfﬁ i

lically induced e.m.f.: If the conductor 1 Sta“n“ar?;’“mw
led statically jnduced e.m.f. EMF induced in Transfo

flux
il = ) ¥ h 11 [he
L induced ¢.m.f.; 1t is the e.m.f. induced in 8 cOll W

ting With it changes,

50



% (h) 125,
length of 15
5. 19.74 mH

rcular cross
wduced when
| mH, 0.1V

=yersed from

a3

| 1115 @ SOUrc

: BATTERIES

¢ of electrical energy. Energy stored in the form of chemical energzy. whe
o clectrical energy and is supplied in the form of direct current. The e.m / and

# .‘-""'fﬁ':’j 1 .
g obtained from a single cell 15 generally small. For example, an ordinary dry cell has an

A ol

H, o 1.5 volt and can deliver about 0.125 ampere of current. Thus a cell can supply electrical
g 03 circuit which regquires only 1.5 volt. In most of the situations we require hagher
ages OF higher currents or both. Higher voltages or higher currents can be mta.'\:z: by
necting the cells in series or parallel or series parallel combination. The combination of cells s
oown 28 batlery. Batteries are necessarily used in telephones, motor Car=. buses and other

gaomobiles 25 well as portable radio receivers eic.

;1.1 Definition

source of em.f (dc.) in which chemical energy is converted Into glectrical

Acell is a
ey
A cell essentially consists of two conducting plates of different
matenzls immersed in an glectrolyte. These conducting plates are
mown as electrodes. The +ve plate 1 known as anode. The -ve plate

s known as cathode. Due to chemical action
wd the electrolyte, an electric il difference is established
wtween the two electrodes. When any external load 15 connected
etween the +ve and —ve terminals of the cell, current. I flow through

the load as shown in figure 5.1. The flow of current produces 2
the chemical composition of clectrodes and

padual change In
electrolyte. The process of delivering current continues till one of the
electrodes 1s completely consumed. After this the potential difference
Fig. 5-1

small value and the current ceases to

between clectrodes falls 1o very
d to be discharged.

flow. At this stage the cell is sab

5.1.2 Internal Resistance, e.m.f. and Terminal Voltage of Cell

esistance of 2 cell is the opposition offered by the cell to flow of ¢
by r and 1$ shown in series with the cell. It is measured in ohm. I producss heal

he cell supplies current.

internal

Itis ::prcumwﬂ
in the cell when 1

2n
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e

rminals on Open Circuit je

AnR Jween it's 1€
£ of acell is the volg® PERETCL g s represented by E. "ty |
EME oo 8 alue 18 pormally I.- inals when the
being supplied by it. IS V1 . hetween it's termunas R
g is voltage e of cell depends upon k

2 0e
Terminal voltage

wminal vollag
yanected in @ circuit. Terminal
L

supplied by it. It is

cellis ¢ ayrrent being
it's internal resistance ¥ and cur
n-]\n‘.\'l.‘l'!!l.‘d by V. y. inti:mﬂl resislancc r be ¥ I~
- ol of em.f E volts, having aupplied by it. The E
= t 1 be the current supp Fig. 5,

- sy ¢
L'\'f]lﬂl‘\.‘lt‘d (o a resistance R. L
: S .
circuit is drawn in fig. 5.2

—v+r=LR
Then E=V

v=E-Ir

ifference of 3 volt when no current flows throgg

Cx 5.1. A cell has a potential d
s N e The terminal voltage falls t0 2.9 volts ¢,

When it supplies a current of 0.4 ampere.
internal resistance of cell.

Solution. E=V+Ir
3=29+04r
r= -3;2—9=0—! = (.25 ohms.
0.4 0.4

5.1.3 Types of Cells

There are two types of cells, which are as the following:
. Primary cells,
2. Secondary cells.

—_—
.

. Primary Cells: The cells in which chemical action is not reversible ie. the cells’
once d.l:u,‘hal'ged cannot be recharged are called primary cells. One of the plates (genert!
plate) is completely consumed which cannot be recovered. For example in case of a volts
:}:;; jrr:_ qu;:l;u:;.)one i:{: of copper and the other s of zinc. The electrolyte is dilute soltf
¢ aci 250,), w i Ivers ¢ st
H,50; forming ZJ:S(;:. As anr::szf: ]:;::irl:::it‘o it edioh S p
When zine plate is completely dissolyed the ¢ :
revive the process, the —ve plate je ?i‘m: ”
materials, |

al reaction, zinc plate goes on being &
rrent ceases to flow through the load 11

The other major drawba "thi el
ck of this cell ; :
are very-very small. > cell s thay the €m.f. developed and the cu "

Uses: These are
H L use v
sed for torches apg other electropj I
I toys etc.



3 Cells: The cells in  which i m
F Etgnl'l‘“rwﬂgihlc are called secondary cells \_F |

) ;:u"i‘m 15 hese can be re-charged. Colt
A7 schar®es delivered to the external load, —AHH L

.-:'hm o ::: changes the cm'npnsit?nn of the '

. * ﬂt. oIl is exhausted, the chemical action Zz,
“ u\'h""'m:Lh‘- passing current in the reverse [
T e el |

ot PR rrent is supplied to the cell from o

e, the €U

I‘:i\' L 3 # = y
it o <ource and the process 1s known as re Fig. 5.3
1 <L
p of the cell.
gnf =

When # coll delvers current to the external load, chemical CNergy 1s converted int electricyl

LIl uE a i byt i

1 during re-charging the cell receives electrical energy from the d.c. soure
wihLress j

. . : ; e which
i chemical energy and is stored in the cell. Secondary cells are als,
Ty

) known s

< hatteries Of accumulators.

'1 ws: These are used for car-battery, emergency light, telephone exchange etc
-)CONCEPT OF BATTERIES

wier = number of cells are connected in series, —HH —
kel or senes-parallel combination it forms a battery. = =

mmal of battery 1s given in fig. 5.4. s
.11 Types of Batteries

Construction of Lead Acid Battery: A | E in
T eonists of a number of cells and each cell _l _L _]] 1 %
“ Wllier CUMSIStS (}ffg]lgwing pans' ] H" " L, ir ﬂ
“ f”“ln. Plates of a lead acid cell are | | || |
-:|:_|,Jt 4rJ1.|!11u['|ia| lead alloy grid. Grids for the |‘ | |
- m::”” "“ealive plates are of same design. | LJ |
e '-'huriul.” the active materials which take part 1 U || U 1l

“reactions within the cell. - B -

) Fig. 5.5
¢ ."-":'H St'p‘ r“l’urﬂ.
T )
* Inggd,, Vi p

& o Poroyg

The separators are thin sheets of a porous nulv.f:rt =
lates 10 prevent internal short circuits of the +ve and '”:' P
Material 5o that electrolyte can diffuse freely Detwes
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it
e

e

» I : ZTT
g a lo¥ voltage supply for operating purpose in many dify
L Y anierent w

) A : TN . 5
h gear. automatic telephone exchange, wire- ys such as high

Ll ian SWILC
jension S . 7 _ less receiver sets pte
For local lighting of generating and substations during odd times and Il s
’ B 5 and break
For starting rotary converters in substations. downs.

tl'ﬂ
control system,

) For rraftic
lll

kel Cadmium Cell

Nickel Cadmium cell was developed by Waldermar Junger in 1889,

The positive plate is built up from a number of steel tubes made of perforated steel. The
of cadmium. The use of cadmium reduces the internal resistance of the cell,
admium cell is in charged condition, the active material of the +ve plate
(Anode) is Ni(OH), and the Negative plate (cathode) is cadmium (Cd). The Electrolyte is a
. of Potassium hydroxide (KOH) with a small addition of lithium hydrate, The specific
savity of electrolyte is 1.2. When the cell is discharged the positive plate is converted to Ni(OH):
:m-.l Negative plate to Ca(OH).. When the cell is re-charged, the chemical process is reversed i.e
posttive plate is converted into Ni(OH), and Negative plate to Cd.
ischarges, the potassium hydroxide (KOH) is dissociated nto
potaasium (K ) and hydroxide (OH ') ions. The hydroxal ions move to cathode and potassium 1ons
move to anode. The following chemical reactions takes place during discharging.

At cathode Cd +20H — Cd(OH):

At anode Ni (OH); + 2K— 2KOH + Ni (OH):

Thus anode is converted from Ni(OH)s to Ni(OH)z, and cathode is converted from cadmium

(Cd) 1o cadmium hydroxide Cd(OH)z, the strength of the electrolyte remains same.
Charging : When the cell is placed on charging the hydroxal (OH') ions move towards
anode. whereas the potassium K' ions move towards cathode. During charging the following

chemical reactions take place.

;.24 Ni€

segative plate 15
When the nickle ¢

& |I.I1 ! an

Discharging: When the cell d

Ni(OH); + 20H— Ni(OH)4

At anode
At cathode Cd(OH); +2K— Cd + 2KOH
Thus anode and cathode regain their previous compositions without changing the strength of
electrolyte.
to 1.0 volt when

Il is 1.2 volt when charged and reduces
ins same in charged as well
low, even less than lead acid cell.

| howr. A Nickel

The e.m.f. of Nickel Cadmium ce
discharged. The specific gravity of electrolyte rema
conditions. The internal resistance of the cell is very
A Nickel Cadmium cell can be charged in a very short time Le. say
Cadmium cell can be used upto 20 years of service.

as in discharged
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5.6 DISPOSAL OF BATTEKIEDS

.. «hemicals. Disposal of the
Th LhElﬂlLElS D ege 2
avy metals and 10X “ETIQ_-Ea

Sy e pollutinn- This is harmful tq human
matic

causes soil contan ioc i @ must, It should not be disposg) A |
posal of used batteries 15 € Mhinjg

Batteries contain many he

regular waste
Therefore a proper dis
aste . .a the f batteri ' -
" IhIL]\"I  batteries can be recycled. This reduces the |‘.|ucn:jherﬁff gt es being dig
any of battenes : T ot i difierent wa
a period n.i' time. Different type of batteries should be dispos ¥s.

5.6.1 Disposal of Lead Acid Batteries
be recycled. Lead is a toxic element and should not be Mixeg.

Lead acid batteries can Hod
v is made of polypropylene which is a type of plag;

other waste. Casing of a lead acid battery
can be recycled.
Processing of lead which is toxic material results

health problem. .
A schematic diagram showing disposal of lead acid battery is drawn below:

in pollution / disability. It causes long|

Battery disposal
lvt Lead results in
FID-ml:I — contamination of
ulectrolyte soil and water

1

Break battery
into component

parts
Toxic smoke ‘ ‘ Lead fragments and lead
sulphur oxide, Plastic/Ebonite Lead containin oxide dust disperses mlo
Loxins and lead <1 components components € |—= air. It settles on soil and
contaminated burnt or dumped broken .up other surfaces, surroundl®
wane environment gets contas!

are fed to smelter

l

Smelting and
refining

Broken battery |mrt:|

|-_“HIZ_‘ fumes dispersed in
awr, inhaled by workforce.
Won madk 2 £

Particles condense and

uﬂlt!u on nearby soil and
surfaces
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f <l of glkaline bnﬂerie?: These batterieg Conta:
, P |; Jinc. maganese or salvcr: Althoug, thes " sma , 2
o | effective. These batteries can pe g0
” ; : .
ity of metals contained in them

| # = 5 . mun
i of lithium-ion batteries: Wrong handling of i al y,
, PP ution. Care must be taken to dispose oy i I-ion batterje,
] Eal ) E% 1 ca

P | Ly - u n
i - 11-.;10[ s are tabled below for dlSposaf of such b ) Heries in 4 Tesuly nt,
.\" = L} v altcne.sr mr}mr “a"

T Do [ s

Donot ———_
: Donot dispose OfF with reguizr -
” v»h--_:.tld.‘d- Waste.

B —— inal .
ate battery terminals or wires to | Donot crush, puncture or t

ircui ! hrow =
_=vent any short circuit. that might resul; in o c:: @“mﬂ
electrodes. uiting of
“rack natteries in box with dry sand. Donot  keep lﬂgew

together. Keep them segregated to avoid
fire hazard.

_L_“p damaged batteries away from | Donot mix damaged and usable batteries.
useable batteries.

er
fely disp[m

| A r!l.‘f .
F nﬂH qual’ﬂ

. .¢ pattery device and keep them
I-L1:-E" -

(AR CELLS

-1 is a device which converts the energy of light
. effect. It is a physical and chemical phenomenon.
t s voltage, current and resistance are light dcpcnden.t. \
falling on it varies. Voltage generated in solar cells is very

C together to form a solar panel to get higher. VDI_IHE':—These vork
v of light may be natural light or atifER hﬁh c:;:mcs the same job as i 00 % °0
'or other electromagnetic radiations. A solar cell € ol encrgy Whilé cell of a botter
% However it converts light energy into electric

“ical energy into electrical energy- <on material ¥

= ) sili )
“onally, solar cell is a sandwich of a typt light paniclcsi.f'h“‘fmn ke the 0¥
't sun lighg falling on n-type surface of the ccflf‘ o Flow of electro™

| > surface.

“cof cell to transfer their energy 0 P-

falling on it into electricity by
Electrical characteristics of the

I i
| shows basic structure of a solar cell.

/
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Hinf“'iﬂls

EXPERIMENT NO, 1 ]

\

; },-“miiiarirﬂliﬂll of basic components/equipment
AT cmeter, resistance, capacitor, inductor, energy
(RO, multimeter ete. and their operation, uses,

like AMmeter
ll'll’:IEr, mtr

WI“L wledge of various components, instruments and equipments f,
5 M current, power, resistance, capacitance, energy, power fa;m{
- hnow working and use of C.R.O.
5 Touse a multimeter for various measurements.

| 1. connect various instruments in a circuit.

T Measuremeny of
T etc.

pparalus:

| Voltmeter 0-250 V AC/DC [ No.

2 Ammeter 0-5A AC/DC | No.

7 Watt meter 0-1250 W AC 1 No

4 Energy meter 16A / 250A AC | No.
5. Power Factor meter 1 No.
6 Multimeter Analog/Digital | No.
h RO, 1 No.
¢ Components Resistors, capacitors, inductors etc.

oy
© s of ummeter, voltmeter and wattmeter

” :%;mmﬂ"‘r: Ammeters are used to measure currents.
',J" rrent (a.c, or d.c.) or the maximum current to be measured dur
Llem e very low resistance, anent magnel moving coil
a1 used for measurement of direct current are called permanent e

: .lu[.lﬂ'ﬁ.
\ S uu[ hlbﬁ”
. ' ISlumeng. These Instruments have uniform scale, but I sion tYPe: L
U e for (traction type of TP

I IIL“r p

fied on the basis of

These can be classi oot The

ing the expert

a.c. are moving iron type. These can be a
¢ non-uniform scale which is cramped 1n 11

297
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Ica) ‘

298 . then the coil need not be made o thick .. \
‘oh current is 10 be lm'ﬂ-“_"_.‘n ;cc shunt is connected acrosg the Metey Mrh"

\IT'I‘M:' l::::l;l :un'cnl. but a low resistan® . )

the full load hig

in fig. P-1.1.

Terminals
\ [
I
Shunt =14y
Meter (.'Dll
ﬁg. P-1.1
CKT. Diagram
b
A
I
J B
-_-

b To study the
Apparatus:

S. No. Name of apparatyg
l.

Operation of Voltmeters,

Voltmeter a.c. (0 5V) e

2. Voltmeter d.c. (250 V)
3. (.'onnecling wires

Theory: Voltmeters are useq 4
These can be of ac, -

Meas i
ord.c - . 2 L a0
mV to 500V C. type, These can he usedl:r Potential difference between twi Pllf‘

0 Measure wide range of voltages '
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ISHAN'S Fundamentals of Elegy
ey

e Current coil
' : Pressure coil

Load

_\‘."l\]\h

v_[_i!_ p.1.5 : Connection of a wattmeter
i of two coils. A current coil ML 18 connected in s:erl'cs'wilh the loaq, Allg, |
R oomsisis of «1-: t;x- coil. CV is ;mtcnlial coil or voltage coil, It is connected parally ';.;
:.::: h:; .:?“3 and C are short circuited. Dcﬂectic:tn of the wattmeter js p,.%#'i
Mhiafd flowing through the current coil and current flowing through the pressure . e
proparnonal 1o the supply voltage and the phase difference between voltage and cyr _

P x Vlicos¢
Connections:
Connect the current coil terminal M to supply, L to load.
Connect M and C.

‘ol by e

Connect V to other terminal of supply.
Connect the load. Switch on the supply and measure the power.

4

5. Vary the load and take new readings.
Obsenvation:

Wanmeter reading = ... S—— Watts

CcOnmn VAL, ' 4 = - . :
h::; ;n:;:l“t:} 1; e:ps.:;a llnc: frn-.Tn‘ period. It is an mteg_rating. type of instrument and mea_xum

9 electromagnetic inducti B} consumed by a loag ' a given period. It works on the prn

..”k ) .,.,,,-,M;‘..'Z d‘:(i:n :r:; as fn case r{f induction motors. When a rotating mg,m,',gﬁ:f.i i
currents develop g ;"H‘qu;-, ;-l-”::?:uju;-ed in it g-a.-i-sing flow of eddy currents through ir. Thest
passing alternating curpeny mmu;:::"‘”:“"" Q-f the disc Rotating magnetic field is ij“u.«
IS suitably suspended in the field of I'Ut:l::‘;:r"::;ll::f ‘;:::;"f ial coil of the energy meler. The©

Construction: Constructiong) details of
The operating system can pe divided g5
1. Driving System

B iy e: e
A Induction type energy meter is shown in fig ©

- Moving System
Recnrding System

3 . Hmklng S}'Stfﬂ]



cycle.

{a_‘c_.'d.f-)

~ ﬁ
i 07
e > same of instrument
| Quantity 1
r yralog sMultmeter : ‘
]\.‘,:ﬂaﬁ sfultmeter l l
Reaistor (Any standard value) -
Il onmevihing leads _ i kh— k
o -

\ mulnmeter 1§ an i:mlmmcnl that can measure a.c, and d.¢. voltapes, current and resistanc
oSt cssentially of separate voltage, current and resistance measuring circuits, Tllu-j ;nct;
Jement 15 COMMOR for all the three circuits. A selector switch is provided to set up the required
ot fo 2 desired measurement. Fig. P-1.10 shows an analog multimeter while Fig P-1.11
aows 3 digital multimweter,

pC (Direct Current) voltage and current do not vary with time. Voltage s potential
Herence between (Wo points, When a voltage source is included in o closed path with resistors,
, secuit 1s completed. and current flows. Current is electron flow or moving of charges. When
rent flows across a resistor it offers resistance and voltage drop oceurs it. This relationship
wrwcen voltage (V). current (1), and resistance (R) i known as Ohm's Law:

vV = IR

Thus, if two of the above quantities are known, the third can be caleulated.
resistance, voltage and current

T

In the experiment we will use a multimeter o measune

aesde).
r -

L L —
Fig. P-1.11
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Fig. P-1.16 Types of inductors

Testing: All electronic components must be tested before being soldered in the circuit to
ensure it's proper working.

(i) Testing of resistors: A resistor can either be open or short circuit. It can be tested by
using a multimeter.

Set the multimeter for measurement of resistance. i.e. set the pointer 10 zcero ohms by
touching ends of both leads of multimeter and adjusting the zero adjust knob. Connect the two
leads of multimeter to two ends of the resistor.

If meter shows 'Zero' on the scale, the resistor is short circuited. If meter shows 'infinity’ on
the scale. The resistor is open circuited. In both cases the resistor is not fit for use.

If the resistor is healthy, the multimeter will show it's value on the scale of multimeter.

(ify Testing of variable resistor (potentiometer): Remove the potentiometer from the
circuit. Use a multimeter to measure the value of resistance between two extreme terminals of
potentiometer. It should remain unchanged with movement of knob of potentiometer. It's value
must match the given value of potentiometer.

Check the resistance of potentiometer between one end terminal and the central termuna
must vary linearly or logarithmically with movement of knob of potentiometer.
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