ALPHA COLLEGE OF ENGINEERING &TECHNOLOGY
DEPARTMENT OF ELECTRICAL ENGINEERING
ELEMENTS OF ELECTRICAL ENGINEERING (2110005)
B.E. — 1st YEAR CLASS: EE, CE, Civil, IT, EC (ALL)

1 | Explain the following terms in detail ELCB, MCB and Fuse.

2 |Explain the following Cleat Wiring, Conduit wiring, casing-caping wiring & batten wiring.

3 |Explain Charging and Discharging of capacitors with voltage & current equations.

4 |What is capacitor? List out different types of it.. Derive the expression for the equivalent capacitance of
capacitors connected (i) in parallel (ii) in series

5 |Define temperature co-efficient of resistance. How does the resistance of different materials vary with
temperature? Prove that o = a /(1+ a t)

6 |An inductive coil of resistance R and inductance L is connected in parallel with a capacitor of C. Derive
an expression for resonant frequency and () factor.

7 |Explain power measure by two- watt meter method for 3 phase balanced load.

8 |Compare Series and Parallel Resonance in AC Circuit.

9 |Explain the following methods of charging a battery (i) Constant current method (ii) Constant voltage
method. Also discuss electrical characteristics of batteries. Give connection diagram of a battery
charging circuit with equations.

10 |Draw the connection diagram of a tube light and explain its starting and working.

11 [Explain following terms-Magnetic hysteresis,Magneto-motive force ,Reluctance,Permeability Magnetic
Field Intensity,Electric Field Intensity,Electric Flux Density,Electric Potential,Potential gradient
Permittivity, Coulombs Law,Ohms Law,KCL,KVL,Power factor,Lenz Law,B/H Curve

12 |Give the comparison between electric and magnetic circuit.

13 [State Faraday’s laws of electromagnetic induction. What do you understand by statically induced e.m.f
and dynamically induced e.m.f?

14 A 3-phase load consists of three similar inductive coils of resistances of 50 Q2 and inductance
0.3 H. The supply is 415 V 50 Hz. Calculate:(i) the line current (ii)the power factor and the total
power when the load is star connected

15 |Explain construction of 3 phase cable in detail. & List the different types of illumination scheme
and explain any one in detail.

16 |Calculate the current flowing through the 10 resistor of circuit shown in fig.
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17 |Derive the relation between phase and line values ot voltages and currents in case of 3-phase (i) star (ii)
delta connection.

18 [Explain the method of transforming a star network of resistances into delta network and vice versa

19 |Define (i) form factor (ii) peak factor. Obtain the rms value and average value of half wave rectified
sinusoidal voltage wave.

20 |Derive an expression for self inductance, mutual inductance. Also explain series and parallel connection

of Inductance , coefficient of coupling
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INTRODUCTION
o Magnet :

» Any object that attracts iron and which when freely
suspended points towards the poles of the earth is called
magnet,

« Any magnet will exist only as dipole.

« When a magnet freely suspended the end which point
towards the north pole of earth is called its north pole and
which points towards earth’s south pole is called magnet's
south pole.

T

CONTI...

o Magnetism: Magnatic Fied Lines

The power by which a
magnet attracts eertain
substances is called
magnetism.

© Magnetic material:

S TTgpeiy

« The substance or materials ,"L-«,‘ Y

.
I
that are attracted by 3\ Lt WA
magnet is called magnetic ; SI; S
matertal. " ) "'IH‘}" 5
L ‘,'!‘n'.\ b i

Tuwa Live Fles Together Regit




MAGNETIC QUANTITIES
o Magnetic field:

+ Whenever a magnet is placed near another magnet, it
experiences a force.

« The tegion around the magnet in which another
magnet or magnetic material experience a force is
called its magnetic ficld.

» It is shown by hypothetical magnetic lines called
magnetic flux lines.

CONTL... [}

o Magnetic flux :

+ The total number of magnetic lines of force passing
through a surface in magnetic field is called the magnetic
flux,

+ Unite of magnetic flux is Weber (Wh).

o 1 Weber = 10° magnetic lines
=10* Maxwell
# These lines of flux are purely imaginary.

i
i
]
i
i
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CONTL..||

o Characteristics of flux lines :

They have no physical existence.
« They farm clossd path
They never intersect each other.
Lines of magnetic flux (parallel lines ) closer to each other
and having same direction repel each other.
Lines of magnetic flux (parallel lines ) closer to each other
and having opposite direction attract each other.
They exert lateral pressure.
oThey emerge from the N-pole and enter into S-pole and
are then continuous through the body of the magnet.

CONTI...
o Magnetic flux density :

+ It is defined as the magnetic flux per unit area of a
surface at right angle to the magnetic feld.
o [t is denoted by symbol B.
» Unit : Wh/m?
« The recommended name for the unit in 8.1. system is
Tesla (T). 3
« 1Whim? =1 Tesla (T)
Mathematically
B=% Wom *(Tesla )
where,
& = flux passing through
the cross - section (Wb)
A =surface area of the

cross seetion (m?)




CONTL..

o Magneto motive force :

It is define as force required io produce magnetic
flux.

« The mm.f. is given by the product of the current
through the ceil and the number of turns of the coil
mmf{Fm) = NI

« Where,

N = number of turns on a coil

I = current through the coil (A)

Unit :Ampere turn(AT)

’ A . CONTI...
o Magnetic field intensity (F} :

o It is defines as the m.m.f per unit length of the
magnetic circuit. It is also known as magnetic field
strength.

o Mathematically,

© Where,

o I=current(a)
o N=no. of turns
o 1=length of magnctic circuit
o  Unit ampere-turn / meter (AT/m) or ampere / meter

(Afm) .




CONTL...

o Permeability:

o When the magnetomotive force is applied to
ferromagnetic material, the flux produced is very
large compared with that in air , vacuum or non-
magnetic material.

© Thus magnetic material establish more magnetic
flux than others under similar conditions.

o Permeability is the ability of a material to establish
the magnetic flux. It is measure of ease with which
the material can be magnetized.

© 81 unit : Henry / meter (H/m)

© Symbol : g (permeability of any material) .

CONTL..

a The permeability of free space is written as p, It
is also called as magnetic space constant,

o py =4n* 107 Him

o When the permeability of any material is
compared with that of air (u,), it shows the
permeability of the material is how many times
that of air and it is called its relative
permeability ().

_ absolute permcabili ty

permeabili ty of air

W |
e i

Ho




CONTIL...
o Reluctance :

oThe property of a material that opposes the
production of magnetic flux through it is called
reluctance

Reluctance =
Flux
o s=L
o Where, &

8§ =reluctance of the magnetic circuit
F = magnetomotive force (mmf)
© = magnetic flux
o Unit : ampere turn /Wb (AT/Wb) or ampere/Wh
(A/Wh)

CONTL...
o Now F !
S — or 8=—
o A
= ! —
Holt A
o Where ,

1 = length of magnetic circuit
A= area of cross section of magnetic path

T




CONTL..
© Reluctivity ;
o Reluctivity or specific reluctance is defined as the

reluctance offered by a magnetic circuit of a unit
length and unit eross section.

o Whenl=1 and A=1 then,
S il 1
- #1  Absclute permeabili ty

o Unit : meter/Henry . !

CONTL...

© Permeance :

o It is define as the reciprocal of the reluctance.

o Thus it is matter of ease with which the flux can
be setup in the magnetic circuit.

I

[Permeance (A4
oS}

© Unit : Weber / ampere (Wb/A) or Henry(H)
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CO-EFFICIENT OF COUPLING

Let N, - »jo. of tugwls (v coil 4

N, - vip. oF fusss 1w coil 2

1A cusserit Fthyough coil 1

T, - cuwsentt 'ﬂﬂﬁOUn{h coil 2

f?f‘ - Flux pfodmcﬂmf ba T, 1w coil 1
qﬁl . Ftuy F‘éodmcﬂ:ﬁ ba I, im cail 2
bm Serf Tuducturice ofF coil 4
Ly - 3eiF Trducdasnce of coil 2

M o= Fludual Inehecdersce bedudeen coily
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MAGNETIC HYSTERESIS LOOP:

Hysteresis

Hysteresis means “remaining” in Greek, zan effect remains after its cause has
disappeared. Hysteresis, a term coined by Sir James Alfred Ewing in 1881, a
Scottish physicist and engineer (1855-1935), defined it as: When there are two
physical quantities M and N such that cyclic variations of N cause cyclic variations
of M, then if the changes of M lag behind those of N, we may say that there is
hysteresis in the relation of M te N". The most notable example of hysteresis in
physics is magnetism, Iron maintains some magnetization after it has been exposed
to and removed from a magnetic field.

Magnetic Hysteresis

Consider a magnetic material being subjected to a cycle of magnetization, The
graph intensity of magnetization (M) vs. magnetizing field (H) gives a closed curve
called M-H loop. Consider the portion AB of the curve given below. The intensity
of magnetization M does not become zero when the magnetizing field H is reduced
to zero. Thus the intensity of magnetization M at every stage lags behind the
applicd field H. Thig property is called magnetic hysteresis. The M-H loop is called
hysteresis loop. The shape and area of the loop are different for different materials.

Hysteresis Loap

An [nitizlly unmagnetized material is subjected to a cycle of magnetization. The
values of infensity of magnetization M and the magnetizing field H are calculated
at every stage and a closed loop is obtained on pletting a graph between M and H
as shown in the figure. The point 'O’ represents the initial unmagnetized condition
of the material. As the applied field is increased, the magnstization inereases to the
saturation point ‘A’ along ‘OA’, As the applied field is reduced, the loop follows
the path ‘AB’. ‘OB’ represents the intensity of magunetization remaining in the
material when the applied field is reduced to zero. This is called the residual
magnetism or remanence. The property of retaining some magnetisim on removing,
the magnetic field is called retentivity. OC represents the magnetizing field to be
applied in the opposite direction to remove residual magnetism. This is called
coercive field and the property is called coercivity. When the field is further
increased in the reverse direction the material reaches negative saturation point
‘D’. When the field is increased in positive direction, the curve follows path
‘DEF".




Saturation
.......................................... Point

Residual
Magnetism

» H

Coercive
Force
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BATTERY

A battery is a combination of two or more cells connected in series, parallel or
series-parallel grouping.

It is a device which can store energy and supply the same as electrical energy.
Lead- Acid Battery

Lead acid battery is a secondary cell.

During the charging process, electrical energy is supplied to the battery which is
stored as chemical energy.

During the discharging process chemical eneigy Is converted into electrical energy
which is supplied to the load.

It consists of the following parts:

1. Positive plate or anode which is made oflead peroxlde fPhOZ Jandis

chocolate brown in colour.
2, Negative plate or cathode which isimade of lead and is grey in colour.,
3. Electrolyte-dilute sulphurlc acnd(H2SO4) i

. Dlschargmg Locess )

H2S0,

Fig. 6.6 Discharging process

At anode: PhO; + HS0, + Hy =2 PbSC,4 + 2H,0

When the charged battery is connected to a load, the current starts flowing from
positive terminal to the negative terminal of the battery.

Due to this current, the sulphuric acid(H2504} decomposes into positive hydrogen
ions({H+) and negative sulphate ions (5047).

The hydrogen ions (H+) move towards the anode and react with |ead peroxide
(Pb02) and sulphuric acid (H2504) to form lead sulphate (PbS04) and water
{H20).




During discharging process:

1. A layer of PbSO4 is formad on both the plates which 15 whitish in colour.

2. The specific gravity of the electrolyte decreases due to formation of water.

3. The voltage of the cell falls down.

4, The chemical energy is converted into electrical energy which is supplied to the
load,

e Charging Process:

DG Voltage

(==

Fig. 6.7 Clharging process

When a DC voltage higher than battery.yoltage is applied across the battery the
current starts flowing from po;;n‘.lve terminal to the negative terminal inside the
battery. 3
Due to this current, the! sullﬁhunc acid{H2504) decomposes into hydrogen ions
{H’) and sulphate ions (SO,,J

The sulphate ions{S0, Jmove toward the anode and react with lead
sulphate(PbS04) and water (HZ .to form lead oxide (Pbo2) and sulphuric
acid(H2504).

At anode: PbSO, + 2H;0 +50, = PbO, + 2H,50,

The hydrogen ions (H+) move towards the cathode and react with lead sulphate
{PbS04) to form lead [Pb} and sulphuric acid (H2504).

At cathode: PbSO, + H; 2 Pb + H,50,




During charging process:
1. The positive plate changes to lead peroxide {PbO2) which is chocolate brown in
colour.

2. The negative plate changes to lead which is grey in colour.

3. The specific gravity of the electrolyte increases due to fermation of sulphuric
acid.

4. The voltage of the cell increases.

5. The electrical energy is converted inta ch

l-energy which is stored in the
battery. E




CONSTRUCTION OF CABLES

Such insulated conductors are called cables.

It is externally protected against mechanical injury, moisture entry & chemical

reaction.

The conductor is usually aluminium or copper while insulation is mostfy PVC.
— Amouring

insulation Badding Servifg

Fig.- 15.1 Conswuction of a cable
1. Cores or Conductors
It consists of one centrai core or a nufribier of cores(tw
stranded copper or altr
It used in stranded form to: prowda fIExrblIity
2. Insulatiol :

‘three or four) of tinned

3. Metallic Sheath

The insulaticn is covered bv lead sheath or aluminium sheath.
1t restricts maisture to reach insulation,

4, Bedding
Itis a layer of paper tape cor
The purpose of bedding is to pri
mechanical fnjury due to armou
5. Armouring

It provide protection to cable from mechanical injury.

It is made of steel wire or steel tape and placed above bedding.

6. Serving

Serving is the last layer above the armouring which is made of fibrous material
like jute cloth which protects armouring from atmospheric condition,

unded with fibrous material
the metaliic sheath from corrosion and from




FLUROSENT TUBE

s 4

Ze |
;
124 N
AS supply

Fq, 8.1 Wmng D.ﬂqr:un af a Fluorescent cube

times the normal

voltage)

2. [nitially 52 is closed.
3. When $1 is closéd, current flows threugh the chock coil,tube & starter.

4. When curi hrough the starter,it gets heated & bend thus opening its

contacts.

two electrodes.
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ALPHA COLLEGE OF ENGINEERING &TECHNOLOGY, KHATRA]J

ELECTRICAL DEPARTMENT

ELEMENTS OF ELECTRICAL ENGINEERING
IMPORTANT TQPICS ASKED IN GTU EXAMS

Srie | Tapic Papers 12 | Avg Marks
1 [ELCBE MCB 11 6
2 |ELECTRICAL WIRING 11 5
3 [MAGNETIC CKT EXAMPLES 10 ¥
4 |RISE AND DECAY OF VOLTAGE IN CAPACITOR 9 7
5 |SERIES PARALLEL CONNECTION OF CAPACITOR E] 7
6 [TEMPRATURE CO EFF OF RESISTOR 9 6
7  |RLC SERIES CIRCUIT POWER & POWER FACTOR EXAMFLES g 7
8 |TWO WATT METER THEORY 9 y
9 |STAR DELTA CONVERSION 8 6
10 |ELECT & MAGN CKT DIFFERENCE g 5
11 |KCLEVL 7 5
12 |LIGHTING SCHEME DESIGN 7 6
13 |3 PH STAR DELTA EXAMPLES 7 &
14 [FARADAY'S LAW OF EM INDUCTION 7 g

15 [BATTERY CHARGING & DISCHARGING 1] 5
16 [WHISTON BRIDGE EXAMPLE 6 6
17 [AC VECTOR EXAMPLES (R-P & P-R) ] 6
18 |EARTHING SYSTEM 5 5
19 [AC FUNDAMENTALS DEFINATIONS 5 6
20 |AC FUNDAMENTAL EXMPL (R-L-C SERIES) 5 6
21 [COEFFICIENT OF COUPLING IN MAG CKT 5 5
22 [HYSTERISIS LGGP S 4
23 |FLORESCENT TUBELIGHT 4 6
24 |ELECTRO MAGNETICS DEFINATIONS 4 4
25 [R-L-C SERIES RESONANCE AND Q FACTOR 4 7
26 [BATTERY CONST WORKNIG 3 5
27 |CABLE 3 5
28 |CAPACITOR EXAMPLES 3 7
29 |EMINDUCTION EXAMPLE 3 7
30 |PUREINDUCTOR V & 1 RELATION AND AVG POWER 3 [:]
31 |SELF AND MUTUAL INDUCED EMF 3 5
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