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BASIC ELECTRICAL & ELECTRONICS ENGINEERING
(Commonto All branchesof Engineering)

PART A: BASIC ELECTRICAL ENGINEERING

UNIT | DC & AC Circuits
DC Circuits: Electrical circuit elements (R, Land @2KP YV /DZ DQG LW

limitations £ .LUFKKRIITV 9ROWDHIHUBKKRBINV &XUUHQ\
(KCL) £Simple NumericaProblemsto determineEquivalent Resisance

in series, parallel, seriesparallel circuits £DC Voltage Source + DC
CurrentSource.

AC Circuits: Equations of AC Voltage and AC CurrendVaveform +
Cycle £Time Period tFrequencyzAmplitude tPhasetPhase Difference
+Maximum Value, Averag&alue, RMS Value, Form Factor, Peak Factor
of Sine Waveform £ Simple Numerical Problems + Definitions of
Impedance, Active Power, Reactive Power, Apparent PowerPaner
Factor £Voltage and Currentelationship along with phasor diagrams in
PureResistancel?ure Inductance arfeure Capacitance Circuits.

UNIT 1 Machinesand Measuring Instruments

Machines: Construction, Principle and Operation of (i) DC Motor (ii) DC
Generator (iii)Single Phase Transformer (iv) Three Phase Induction Motor
(v) Alternaor xApplications ofElectricalMachines.

Measuring Instruments: Construction and Working Principle of Permanent
Magnet MovingCoil (PMMC) andMoving Iron (MI). Instruments£Wheat
StoneBridge.

UNIT I Energy ResourcesElectricity Bill & Safety Measures

Energy Resources:Conventional anchonconventional energy resources;
Layout and operation of various Power Generation systems: Hydel,
Nuclear, Solar & Wind powegeneration.



Electricity bill: Power rating of household appliances including air

condtioners, PCs,/ DSWRSV 3ULQWHUV HWF 'HILQLWL

consumption of electrical energy, twpart electricity tariff, calculationof
electricitybill for domestic consumers.

Equipment Safety Measures:Working principle of Fuse and Miniature
circuit breaker(MCB), merits and demerits. Personal safety measures:
Electric Shock, Earthing and itgpes,SafetyPrecautions tavoid shock.

Textbooks:

1. BasicElectrical Engineering). C. KulshreshthaTataMcGrawHill,
2019First Edition

2. Power Systm Engineering?.V. Gupta, M.L. Soni, U.Bhatnagar
and AChakrabarti,Dhanpd®ai& Co, 2013

3. Fundamentals of Electrical Engineering, Rajendra Prasad, PHI
publishers, 2014 hird Edition

PART B: BASIC ELECTRONICS ENGINEERING

UNIT I SEMICONDUCTOR DEVICES

Introduction - Evolution of electronics + Vacuum tubes to nano
electronics-Characteristicof PN JunctionDiode 2 Zenereffect 2 Zener
Diodeandits Characteristics

Diode Applications: Diode as clipper Diode as clamper,Bipolar Jurction
Transistor input and output characteristics of CB, CE, & CC
Configurations.

UNIT 1l BASIC ELECTRONIC CIRCUITS AND
INSTRUMENT ATION

Rectifiers and power supplies: Block diagram description of a dc power
supply, working o& full wave bridge rectifiercapacitor filter (no analysis),
working of simple zener voltageegulator. Amplifiers: Block diagramof
Public Addresssystem,Circuit diagramand working of common emitter
(RC coupled) amplifier with its frequency response. Conoéptoltage
divider biasing. Operational Amplifier: Block diagram of @&mp.



Invertingandnoninverting. Pin configurationof IC 741.
UNIT [l DIGITAL ELECTRONICS

Overview of Number Systems,Logic gatesincluding Universal Gates,
BCD codes,Excess3 code,Gray code Hammingcode.BooleanAlgebra,
Basic Theoremsand properties of Boolean Algebra, Truth Tables and
Functionality of LogicGates tNOT, OR,AND, NOR, NAND, XOR and
XNOR. Simple combinational circuitblalf Adder and Full Adder,
Introduction to sequential r@uits, Flip flops, Registers and counters
(ElementaryTreatmenbnly)

Textbooks:

1. R. L. Boylestad& Louis Nashlesky ElectronicDevices& Circuit

TheoryPearsorEducation2021.
2. R.”P.Jain,ModernDigitaI Electronics 4" Edition, TataMc Graw
Hill, 2009



UNIT *1 CHAPTER z1 DC Circuits

DC Voltage Source
DC Current Source

2KPfV /DZ
Resistor & Resistance
Inductor & Inductance
Capacitor & Capacitance
.LUFKKRIIfY 9ROWDJH /DZ .9/

.LUFKKRIIfV &XUUHQW /DZ .&/
Network Reduction

DC Voltage Source

% DC Voltage Source is a Voltage Source which has constant magnitude at any instant

of time.
M
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Characteristics Representation

% DC Voltage Source is of two types
(i) Ideal DC Voltage Sourcg(ii) Practical DC Voltageésource

(i) Ideal DC Voltage Source:

Ideal DC Voltage Source is a DC Voltage Source which has no internal resistance
and it supplies the voltage which is equal to the actual voltage value.
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Characteristics V =Vs



(i) Practical DC Voltage Source:

Practical DC Voltage Source is a DC Voltage Source which has some internal
resistance and it supplies the voltage which is less than the actual voltage value.
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Characteristics

DC Current Source
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% DC Current Source is a Current Source which has constant magnitude at any instant

of time.
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Characteristics

% DC CurrentSource is of two types

™

Representation

(i) Ideal DC CurrenSource (ii) Practical DC Current Source

(i) Ideal DC Current Source:

Ideal DC Current Source is a DC Current Source which has no internal resistance
and it supplies the current which is equal to the actual current value.
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Chaiacteristics

(i) Practical DC Current Source

My

Ts

Practical DC Current Source is a DC Current Source which has some internal
resistance and it supplies the current which is less than the actual current value.
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2KPTV :DZ

% 2KPYV /DZ VWDWHV WKDW WKH &XUUHQW SDVVLQJ
proportional to the Potential Difference or Voltage between the two ends of the
conductor, when the Temperature, Pressamd other Physical Parameters of the
conductor remains constant or unchanged.

== L U
= =0
==> L

Here, V = Voltage
| = Current
R = Resistance
G = Conductance

¥ Georg Simon Ohm, a Physicist and Mathematician from Gernpgiogosed the
2KPfV /DZ LQ WKH \HDU

¥ For any conductor, L o

Here, R = Resistance of the Conductor
I = Resistivity or Specific Resistance of the Conductor
L = Length of the Conductor
A = Area of CrossSection of the Conductor

¥ Parameter KLFK DUH DVVXPHG WR EH FRQVWDQW ZKLOH G&h

f Temperature
f Pressure
f Physical Parameters
Length of the Conductor
Area of CrossSection of the Conductor

¥%2 ILPLWDWLRQV RI 2KPYfV /DZ DUH

f Itis not applicable when the Temperature is changed.

f Itis not applicable when the Pressure is changed.

f Itis not applicable when the Physical Parameters are changed (Length of the
Conductor and Area of Cro&ection of the Conductor).



Resistor and Resistance

% Resistor is an electrical device which controls flosv of current and allows the
required amount of current in an electrical circuit.

¥ In electrical circuits, the Resistor will be represented as

—AWWW—

¥, Resistance is the property of Resistor.

¥, Resistance is denoted by R.
% The unit of Resistance is Ohn¥)

% Ohm was named as the unit of Resistance in the honour of Georg Simon Ohm, a
Physicist and Mathematician from Germany.

% Resistance can be measured with Ohmmeter.

¥» $SFFRUGLQJ WR 2KPYV /DZ WKH &XUUHQW SDVVLQJ W
proportional tothe Potential Difference or Voltage between the two ends of the
conductor, when the Temperature, Pressure and other Physical Parameters of the
conductor remains constant or unchanged.

3
= L U
=> L= 0
—=> L

Here, V = Voltage
| = Current
R = Resistance

G = Conductance



% For any conductor, L

Here, R = Resistance of the Conductor
I = Resistivity or Specific Resistance of the Conductor
L = Length of the Conductor
A = Area of CrossSection of the Conductor

¥, The Powembsorbed by the Resistor will be dissipated in the form of Heat.

¥ In Electrical Circuits, Wire Wound Resistors are used. Wire Wound Resistor consists
of a Metal Wire (made up of Nickel and Chromium Alloy) wound on Tube (made up
of Ceramic or Fiber Glass).

% In Electronic Circuits, Carbon Resistors are used. Carbon Resistor consists of a
Carbon Film placed around a Ceramic Rod.

Problem: Determine the specific resistance of a metal wire of I@ngth and 0.6m
GLDPHWHU LI WKH UHVLVWDQFH RI WKH ZLUH LV Y

Solution:
Given Data,
Length=L=2m
Diameter =d = 0.6 mm =r(x Usr Y m
Resistance =R 50 Y
Radius Lt LM = raUsrVY;.

t t

Area of CrossSection L Nt L usvU:ra UsrY:t=:rdaz OsrX; ot

] O
Resistance R =—

==> 50:O—EJtX
‘rdzUsr 7;
==> I=:y UsrX;

? Specific Resistance! = :y UsrX; Y-m



Inductor and Inductance

% Inductor is an electrical device which stores Electrical Energy in the form of Magnetic
Field, when the current passes through it ielactrical circuit.

¥ In electrical circuits, thénductor will be represented — (V00T L

¥ Inductance is the property of Inductor.
¥ Inductance is denoted by L.
¥ The unit of Inductance is Henry (H).

¥ Henry was named as the unit of Inductance in the honour of Joseph Henry, a Scientist
from America.

% Inductance can be measured with LCR Meter.
% Inductor is also called as Coil, Choke.

% Inductor consists of a Conducting Material (Copper Wire) wound on gnidte
Material (Iron or SilicorSteel).

¥%» $FFRUGLQJ WR )DUDGD\YV /DZ RI (OHFWUR ODJQHWLF
Inductor is directly proportinal to the rate of change olu@ent passingthroughthe

Inductor.
L —= L — I
BT— ==> L T ==> L—1 dt
? Voltageacross Inductor is L %_
? Current flowing through Inductor is L2 dt
% Power L => L 4 = L 4
% MELSI =
—= il
==> L T
N
==> i LI T
—= T L
==> ] T—L' T
=> i tLif
=> it Li T



==> L —

==> L _t
==> L— t
2 Energy stored in Inductor L=

t

Problem: Find the energy stored in an inductor which has 10mH inductance whereat
of 2A is passing through it.

Solution:

Given Data,
Inductance =L =10 mH =sr UsF’/;H
Current=1=2A

Energy stored in Inductas

L—tS t L—tS UksrUsr?UoUit;t Lrdat ‘—Zte

?E=0.02J
Problem: If 150 coulombs of charge is spied to an inductor of 8H in 18econdsthen
find (i) Current passing through inductor (ii) Energy storethductor.

Solution:

Given Data,
Charge=Q=150C
Inductance =L =8 H
Time =t = 10 seconds

Currentpassing through inductds
L— L%;/£ 15 Amperes
?1=15A
Energystored in Inductois
L—tS tL —ts Uz, Uswt L {rr “—Zte

?E=900J



Capacitor and Capacitance

¥, Capacitor is an electrical device which stores Electrical Energy in the form of Electric
Field, when the current passes through it in an electrical circuit.

¥ In electrical circuits, the Capacitor will be represented | €

¥, Capacitance is the property of Capacitor.
¥, Capacitanceés denoted by.
¥ The unit of Capacitance is Farad (F).

¥, Farad was named as the unit of Capacitance in the honour of Michael Faraday, a
Scientist from England.

¥, Capacitance can be measured with Lid&er.
¥, Capacitor is also called as Condenser.

¥, Capacitor consists of two parallel plates or electrical conductors (made up of
Aluminium or Brass or Copper etc.) separated by insulating material or dielectric
material (Air or Glass or Plastic or Paper ktc.

% According to )DUDGD\fV CouonibfNG /D Z Cherigedin a Capacitor is
directly proportional to th&oltage acrosghe Capacitar

R ==> L ==> L —
Current passing through Capacitor is

|_—_ ==> L— ==> LTT :
— . . __ .. __ T
= bxio= L= Loy

? Current passing through Capacitoris L lT

? Voltage across Capacitor is L2 dt
¥ Power L ==> L l’r— ==> L TT_
% ‘T""it%%’“ ==>  L—
= L
=> 1 Li—_
= 7 L



==> L _t
t
==> |_—t
_ _S t
—=> L
2 Energy stored in Capacitor L= ot

Problem: Find the energy stored in a capacitor which has capacitance whenwltage
of 20V is applied across it.

Solution:

Given Data,
Capacitance=C = 10F = :srUs " ;F
Voltage =V =20V

Energy stored iCapacitoris
L—tS t L—f UksrUsr?*oU:tr;t L kt Usr?UoL t <ZZ%«—Z%-
?E=2mJ

Problem: A charge of 80Cis supplied to a capacitor 006 by applyingthe energy. Find
Voltage across capacitandEnergy stored in capacitor.

Solution:

Given Data,
Charge=Q =400C
Capacitance = C = @b

Voltage across Capacitor is

VIr_
L— L—=6.67Volts

?V =6.67Volts

Energystored inCapacitor is
L—f tL —ts Uxr; Uxayt Lsuuw —2Z1e

?E=1335 ‘— 7%



.LUFKKRIlI TV 9ROWDJH /DZzZ .9/

% .LUFKKRIIfY 9ROWDJH /DZ VWDWHV WKDW WKH DOJHEUDI
Zero. 9

¥% .LUFKKRIIfY 9ROWDJH /DZ VWDWHV Wgualw theksimbiX P R1 Y
voltage drops in a closed circuit.V =Vi1 + Va+ V3

I Ry Ry Ra
A A A
I'% 1"“\‘I‘|%| I'% Vz%‘i I'% v:.]%‘i

vV

In the above circuit, Voltage Gain is V and Voltage Drops aré/ Va.

% In a resistor, V=IR

V1= |R1
V2=1IR:
V3=1IR3

¥ According to KVL, the sum ofoltage gains is equal to the sum of voltage drops
V=Vi+Va+ Vs
==> |R=IR1+IR:+IRs3
==> R=R+R+R;3

Here, R is the equivalent resistancgqgR

¥, Example:
Ri=10 V,R:=20 Y,Rs=30 Y
R=Ri+ R+ Rs=10 + 20 + 30 = 60Y

¥% The DSSOLFDWLRQV RI .LUFKKRIIYfVY 9ROWDJH /DZ .9/ DUH
KVL is used in DC Circuits and AC Circuits.
KVL is used for calculation of Voltage and Current in any circuit.

KVL is used Mesh Analysis.



.LUFKKRIlI TV &XUUHQW /DzZ .&/

¥% .LUFKKRIITV &XU UkhMW alderaid ¥uim @f ELfents at a junction or node is
zero. :

¥% .LUFKKRIIfV &XUUHQW /DZ VWDWHYV WKDW WKH VXP RI F.:
currents leaving at a junction or node.=I1 + I>+ I3

I

v §R1 §R2 §R3

In the above circuit, enteigncurrent is | and leaving currents ateld, |s.

¥ In a resistor, L— ? 5 L— g L— 7L—

¥ According to KCL, the sum of currents entering is equal to the sum of currents leaving.

=11+ 1+ 13
Z
= — = — + — 4+ —
\Y s t u
5 S S S
== — = — + — 3+ —
\Y s t u

Here, R is the equivalent resistanceqR

%, Example:R: Y 25 Y 35 Y
5 s s s S 5 S
— = + + ==> —= + + = 0.1+ 0.05+0.033 = 0.183
Vo st . V 54 64 74
5 .
==> = — =5.46 ? R=546Y
4H <7

¥% 7TKH DSSOLFDWLRQV RI .LUFKKRIITV &XUUHQW /DzZ .&/ DL
KCL is used in DC Circuits and AC Circulits.
KCL is used for calculation of Voltage and Current in any circuit.
KCL is used Nodal Analys.



Network Reduction

Problem: Draw the circuit diagrams and determine the equivalesistancevhen three
resistorsl0Y, 20 Y and30 Y are connected in (i) Series with each other (ii) Parallel with each

other

Solution:

(i) Series Connection

I Ry Ry Ra
A A A
I'% 1"“\‘I‘|%| I'% Vz%‘i I'% v:.]%‘i

vV

Ri=10 ,R=20Y,R:s=30 Y

Equivalent Resistance = R?=

R=R;+ R+ Rs=10 + 20 + 30 = 60Y

(ii) Parallel connection

I
I
\Y

==>

R1 Y25 Y35 Y

Equivalent Resistance = R?=

5 S S S
— = + +
Vv s t u
5 5 5
—= + + = 0.1 +0.05+0.033 = 0.183
Vv 54 64 74
5
—=0.183
Vv
5

R = - =5.46

4b<7



Problem: Find the equivalent Resistance between the terminals A and B

2Q 50
ATAYAY ATAYAY
6Q 3IQ
ATATAY My
40 g0
My ATATAY
4 B
Solution:
20 50
My ATATAY
60 310
My ATATeY
40 :Xo)
ATATeY My
A B

5SHVLVWRUV Y Y Y DUH LQ SDUDOOHO

5 5
== 2 C o108
\Y s t u 6 7

5 Y

5SHVLVWRUV Y Y DUH LQ SDUDOOHO

5 s s 5 5
—=—+— =—+— =0.325
\ s t 9 <
5 Y
60 090310 JO0R 0D
Ay Py Ay
A B
5HVLVWRUV Y Y Y DUH LQ VHULHYV

R=R+R+Rs=6+0.93+3.08=10.01
25 Y



Problem: Find the equivalenResistance between the terminals A and B

80 Q 200
— A ——
| 0Q )
ATAVAY 300
400 1 W
ATAVAY
A B
Solution:
80 Q 200
oy oy

5HVLVWRUV Y Y DUH LQ SDU!

' _ﬁﬁﬁﬂngf— ' DS, S _ 5,5 o
ey V. s 1 4 84
40 Q .
L —— 5 Y
A B
30 O 200
A Wy 5HVLVWRUV Y ¥ DUH LQ VHU
R=R +R %
21810 300
Y MMM 5HVLVWRUYV Y ¥ DUH LQ VH
R=R +R %
A B
100 © SHVLVWRUV Y Y DUH LQ SI
A
5 5
2SS a2 2 -0029
. . Vo { 544 975
33810 5 5 Y



Problem: Find the equivalent Resistance between the terminals A and B

150 0Q 450
D—’q (TAYAY. + My * Ay
2580 300 é}'g__
B 00 00 60 Q
o——" My + AVAVAY + Ay
Solution:
150 I0Q 150
D—’& (TAYAY. + AVAVAY + Ay
50 50Q é?ﬂ__
B 00 100 60 Q
——" 4y + My * Ay
5HVLVWRUYV Y Y Y DUH LQ VHULHYV
R=R+R:+Rs Y
150 00
1 Ay ATAVAY
;25-- gﬁn__ gmng
B 200 00
e Ay AVAVAY

5HVLVWRUYV are parali¢l

S S 5

=0.026

5

— +

\% s t 94 5<4
5 N4



1580 na

. A e S VAYAY
250 233.%9
B 200 400
— A"
5HVLVWRUV Y Y Y DUH LQ VHULHV
R = R+R+Rs3 Y
150
i AN

10846 Q

]
L ]
!
[

<

SHVLVWRUYV &ein parall¥
5 S S 5
— = + = +
\ s t 69 548

5 Y

=0.049

;2[]_41 Q

5HVLVWRUV Y Y Y DUH LQ VHULHYV
R=R + R+ R3=15+20.41+20 = 55.41

25 Y



UNIT =1 CHAPTER 2 AC Circuits

AC Voltage SourceAC Current Source

Types of AC Waveforms
Cycle, Time Period and Frequency
Maximum Value, Average ValuendRMS Value
Peak Factor and Form Factor
Amplitude,Phase and Phase Difference
Power FactorActive Power Reactive Power and Apparent Power
Impedance, Inductive ReactareedCapacitive Reactance
Behaviour of Pure Resistance to AC Supply

Behaviour of Pure Inductance to AC Supply
Behaviour of Pire Capacitance to AC Supply

AC Voltage Source
¥ AC Voltage Source is a Voltage Source whose magnitude and direction changes with
respect to time

NP
Phase (Ph)
. 180 360
o a3 I > 6 (clea‘seu,)

L'Jt (chgu:m"g

= (SeCmd)Q
MNeutral (IN)

Waveform Representation

The equation for AC Voltage Source is V ;\&in (wt) or V=Vm 6LQ

AC Current Source
¥ AC Current Source ia Current Source whose magnitude and direction changes with
respect to time

A
T
. 180 360
- 1 6 e3 - o
Wk (odfons)
Waveform Representation

The equation for AC Current Source is I%in (wt) or [=1m 6 LQ



Types of AC Waveforms

AN\
+ 180 26a
- o - -
o as 23S 7 O Qaguee?d)
Sine Waveform
4P n
+ + 4 L]
d ; IBo 360
0 36 Sfdsgeeed) _ 25 6 (deguess)
C ' — UJE(]{O.&J.QJ‘S)
wh CK&M“@ L
Square Waveform Triangle Waveform
AN
+ - .
p= 120 260 —> @(da%tee@
—_ Lade (‘l{a_ck‘iwé)
= (Secaw&_bj

Trapezoid Waveform

Advantages of Sine Waveform
¥ It is easy to generate Sine Waveform by using AC Generator
¥ It is easy to analyseirg® Function by using Fouriermalysis.

% The Differentiation of Sine Function is ala Sine Function.

T .
?E (0E1 L o(oE

¥ The Integral of Sine Function is also a Sine Function.
i: <ETE L F ‘eceE



Cycle

¥% The Complete Set of Positive Instantaneous Values and Negative Instantaneous
Values of a Sine Wave is called as Cycle.

Cycle

¥ A Cycle consists of two Half Cycles i.e. Positive Half Cycle and Negative Half Cycle.
¥ In Positive Half Cycle, the Instantaneous Values are Positive.

¥ In Negative Half Cycle, the Instantaneous Values are Negative.

Time Period

¥, The Time taken by a Sine Wave to coetplone Cycle is called as Time Period

B &6 360
. { 560
5 oo >0 (Aegresy)
PN (‘cocﬂ."mh-g
QQSECDN:L&)
< Tiwme Pexted ;.
% Time Period is denoted by T.
% The unit of Time Period is Seconds.
%o cof P tmm—y,
%o L= where f = Frequency (in Hertz or Hz)
¥, For Example, Frequency f = 50Hz

? Time Period L —sf L Wsr L rd&tSeconds



Frequency

¥ The Number of Cycles that a Sine Wave completes in One Second is called as

Frequency
A
t setod
.+.' . ) Lot —%B(&tﬁ}m)
¢ - - ik (sodiows)
£ (Secondy)

¥ Frequency is denoted by f.
¥ The unit of Frequency is Hertz (Hz).

S

Ya ”;t“—fF-L.—>—.<_fF ot
Y "L where T = Time Period (in Seconds)
¥ For Example, Time Period T =0.05Seconds
? Frequency f LS L— L trHz

raw

Problem: DetermineFrequencyof a Sine Wave when the Time Period is 20 milli Seconds.

Solution:
Given Data,
Time Period T =20 milli Seconds= 0.02 Seconds
? Frequency f L SL—= L wHz

rat

Problem: DetermineTime Periodof a Sine Wave when the Frequency is 60 Hz.

Solution:
Given Data,
Frequency f = 6Hz

S

? Time Period L = L TSr L rdsxyseconds



Maximum Value

¥ The maximum Instantaneous Value durigsitive Half Cycle (or) during Negative
Half Cycle of a Sine Wave is called as Maximum Value

V(N
7
VN \ 58 936 -
© 90 i wk (wodiers)
£ (secordy

¥ For Voltage Wave, Maximum Value is HVin Positive Half Cycleand &m in
Negative Half Cycle
¥ For Current Wave, Maximum Value is ptlin Positive Half Cycle anddm in

Negative Half Cycle.

% Maximum Value is also called as Peak Valug évid ).

Instantaneous Value
¥ The Value ofa Sine Wavet a particular Instant of Time is called as Instantaneous

Value.
¥ The Instantaneous Values aRositive in Positive Half Cycle and Negative in

Negative Half Cycle.

NEMAY
M 1% J?' S >@Cae%xeﬁ)
Ol & % e whk (vodia)
' £ (Seconds)
Mo
% V1is the Instantaneous Value at the insta@aind \% is the Instantaneous Value at the

instant .
% For Voltage Wave, the equation for Instantaneous Value is

V =Vm Sin (wt) where Vm = Maximum Value
z E |
f = Frequency

% For Current Wave, the equation for Instantaneous Value isISin (wt)



Average Value

% The Average or Mean of different Instantaneous Values of a Sine Wave is called as
Average Value.

¥, AverageValue is also called as Mean Value.

V1

+Vm 180 216 360

© 9 @@qﬁﬂi
Ny 9 Crodinnd)
£ (secordd

% For Voltage Wave, the Average Value isy

6 Zk
Vavg = ——

% For CurrentWave, the Average Value lsyg
6 M

lavg =

¥ The Average Value of One Complete Cycle of Sine Wave is ZERO.

X In Sine Wave, th@ositive Half Cycle Instantaneous Values are exactly same as
the Negative Half Cycle Instantaneous Values.

x If Average Value of Positive Half Cycle Instantaneous Values 3 (V

then,Average Value of Negative Half Cycle Instantaneous Values willdg)(

? Average Value of One Complete Cycle = E:FS | S It: S;

T L r

? Only One Half Cycle has to be considered to deternieé\verage Value dbine
Waveform.



%, Derivation:

Consider a Voltage Wave V =Vm Sin (wt)

V _ 5 \IYnnCnggr ~:I:'\;n 13 ., b
avg = ngd’cpgmBmuCl?’gkg'rf — I
5\
Vaig = = 1, = «ot™MTiMe
Zk
Vavg= — I, <™t
FZk
avg = > fe 1M ?
FZk ‘ )
Vavg = > ‘e NF ‘er;?
FZk
Vavg = >FsFs;?
FZk
Vavg= — >t ?
6 Zk
? avg = —

Similarly, for a Current Wave

l=1Im Sin (Wt)

6 N

lavg =



RMS Value

% The Square Root of Mean of Square of different Instantaneous Values of an AC Wave

is called as RMS Value.

¥ RMS Value is also called &pot Mean Square Value.

V1

4V 'ag
90

2% 360

SRV

¥, For Voltage Wave, thBRMS Value is ims

Zk
Vims = ?6

% For CurrentWave, theRMS Value islyms
Nk

lrms = %

%, Derivation:
Consider a Voltage Wave V =Vm Sin (wt)

© (degveed
wk (sodions)
t (secodd

S N ’,:t” (e <— ~ ~Arn “ T
VI’mS: §T¢”(‘1J ATMiu(.(_: f i . _f_’(to
5 .6
Vrms: §_| ‘e (.TM;_GT:TM;_
6 4
5 .6
Vims = §—I .6 ('6TM;_T:TM;_



Sl T™ - TM
Vims = 5 Iy =T ™
Zk- (6 «5?2Gm@ur -
Vrms: §T |4 -—6 ] T-TM,_
Vims = i‘|6zs|: ‘ot ™™ -'-TM
S 8 4
.6 )
Vims = §— >I s f:™ Iy t™ ;™
6 WgBur 6 )
Vims = 8 >T"";—4 F s ,
6 4

Zk- 6 U6 W6U4
Vims = §T>.tNFr;F@(V96 g A?

Vims = §— StNF r @(VES Wg4A’7

Zk-
Vims = §T StNF r. F:rFr; 7

Vrmsz §% }N’)

Zk-
Vims = e
R _ZK
: Vims = 75
. _ &
Similarly, for a Current Wave | = Im Sin (wt) Irms = ?



Peak Factor

% The Ratio of Maximum Value to RMS Value of a Sine Wave is called as Peak Factor.

T
A
Ve \ gy : :
180 60
: 230320 5 0(egveed
© 90 wk (sodiors)
¥ For Voltage Wave, Peak Factor =
Zpkq
'
% For Current Wave, Peak Factor =——
N kq
% For Sine W Peak Fact A = ¥t =1.414
4 For Sine Wave, eak Factor Zoka Zk 9B =1.

Form Factor

¥ The Ratio of RMS Value to Average Value of a Sine Wave is called as Form Factor.

T
A~
'JI'V""\ : ‘ 60
£ (secondy)
Zpkq
¥, For Voltage Wave, Form Factor =
b
% For Current Wave, Form Factor M te
_ Zpkq Zk 96
% For Sine Wave, Form Factor = = =1.11

Z te 6 6%



Problem: A Sine Wave has the Maximum Voltage value of 325V. Determine (i) Average
Value (ii) RMS Value (iii) Peak Factor (iv) Form Factor

Solution:

Given Data, Maximum Value =\, = 325 Volts
6 Zk 6769

) Average Value ¥ayg = = = 207 Volts
ii0  RMS Value = ZK 709 230 Volt

i alue = === = == = olts

( rms B B

Peak Fact ZK —29—1414

(iii) eak Factor Zpkq 674 &

[ F Fact Zpkq 674 1.11

(iv) orm Fac Or_Z_te_ 64

Problem: For an AC Voltage of V = 300 Sin (314t) Volts, determine (i) Average Value
(i) RMS Value (iii) Peak Factor (iv) Form Factor (v) Frequency (vi) Time Period.

Solution:
Given Data, V =300 Sin (314t) Volts
This is in the form of V =Vm Sin (wt)
? Maximum Value = V= 300 Volts and w=314
: 6 Zk 60744
0) Average Value ¥ayg = = = 191Volts
i RMS Val \ ZK a4 212.13Volt
1 alue = = == = —= = . oIts
(i) M~ yp Y6
Peak Fact Zk 4 1.414
|’ = = = .
(i) eak Facto 7okq 6587
[ F Fact Zpkq 65&7 1.11
rm r= = =1.
(iv) 0 acto Z te 5-5
z E | > f = 758 50 H
== = - — = Z
(V) 5 5

? Frequency =f =50 Hz

S

(vij TimePeriod= L =L L rdt Seconds

S
W



Problem: The Average Value of an AC Voltage is 200V. Determine (i) Maximum Value
(i) RMS Value (iii) Peak Factor (iv) Form Factor.

Solution:

(ii)

(iii)

(iv)

Given Data, Average Value = Yvg= 200 Volts
6 Zk
Average Value ¥aqyg = ——

6 Zk 644
==> 200=—— ==> Vp=

= 314 Volts

? Maximum Value = V= 314 Volts

RMS Val \ ZK 78 22\Volt
alue = === = = olts
M g8 Y6
Peak Fact Zk 75814-14
eak Factor = =— = 1.
Zpkqg 666
F Fact Zpkq 666111
rm r= =—=1
° acto Z te 644

Problem: The RMS Value of an AC Voltage is 250V. Determine (i) Maximum Value
(i) Average Value (iii) Peak Factor (iv) Form Factor.

Solution:

(i)

(ii)

(iii)

(iv)

Given Data, RMS Value = \fms= 250 Volts

_ _ZK
RMSValue =Vyms = ?6
Zk -
==> 250 :3_A_f5 ==> Vm= twrU3% = 353.55 Volts

? Maximum Value = V= 353.55 Volts

6 Zk 6U79®9

AverageValue =Vayg = = = 225.08Volts
Peak Fact Zk 989 1.414
eak Factor = = =1.
Zpkq 694
Zpkgq 694
Form Factor = = =1.11

Z te 66@<



Problem: A Sine Wave has the Maximum Current value of 50A. Determine (i) Average
Value (ii) RMS Value (iii) Peak Factor (iv) Form Factor

Solution:  Given Data, Maximum Value = #, = 50 Amperes

. 6 Nk 6L4
) Average Value Favg = = = 31.83 Amperes

N Nk 9
(i) RMS Value =lyms = % = = = 35.36 Amperes

Peak Fact w91 1.414
r= = =1.
(iii) eak Facto N kg 7 -

kq_ 79@5‘17:_111
M te75%7

(iv)  Form Factor =

Problem: For an AC Current of | = 60 Sin (250t) Amperes, determine (i) Average Value
(i) RMS Value (iii) Peak Factor (iv) Form Factor (v) Frequency (vi) Time Period.

Solution:

Given Data, | = 60 Sin (250t) Amperes

This is in the form of | = Im Sin (wt)

? Maximum Value = |, = 60 Amperes and w=250
. 6 M 6 U: 4
0) Average Value Fayg = = = 38.2Amperes
(i) RMS Val I u 4 42.43 A
i alue = === —= = . mperes

rms = = 76 p
i)  Peak Fact o4 = 1.414
(i) eak Factor kg 8G87
[ F Fact Wkq 8@ 7 1.11
(iv) orm a\cor—M_t—e &
u 694

(v) Z E | ==> f= ry = e =40 Hz ? Frequency =f =40 Hz

(vi)j TimePeriod= L = L Tsr L rat5Seconds



Problem: The Average Value of an AC Current is 30A. Determine (i) Maximum Value
(i) RMS Value (iii) Peak Factor (iv) Form Factor.

Solution:  Given Data, Average Value =gyg= 30 Amperes

_ 6 Nk 6 Nk 740
) Average Value 3#ayg = —— ==> 30 =—— ==> |p= N = 47.12

? Maximum Value = h=47.12 Amperes

N [\ 8,56

(i) RMS Value =lyms = —=. = — = 33.32 Amperes
Y Y

Peak Fact W ——8;56-1414

(i) eak Factor kg T@6

v)  Form Factor =t L0 3 11

(iv) orm Factor M te 94 U

Problem: The RMS Value of an AC Current is 25A. Determine (i) Maximum Value
(i) Average Value (iii) Peak Factor (iv) Form Factor.

Solution:  Given Data, RMS Value = jms= 25 Amperes

\ [\ .
0] RMSValue =lyms = EY: ==> 25 :? ==> Im= twU3% =35.36
? Maximum Value = | = 35.36 Amperes
y 6 Nt 607 9%:
(i) AverageValue =layg = = = 22.51Amperes

Peak Fact W —7957:-1414
(i) ea acor—MKq— 59 L

[ F Fact Mq—ﬂ—lll
(iv) orm Factor M teo@s U



Amplitude:

¥ Themagnitude or value ofoltage Vectoror Current Vector is called asmplitude

O >V

8

Phase:

% If there is no angle between Voltage Vector and Current Vector, then they are said to
be InPhase with each other.

T vV
O o- N N
% ,1] WKHUH LV DQ DQJOH EHWZHHQ 9ROMED&irbISQi¢HFWRU [

to be Outof-Phase with each other

O >V

6

T
+HUH , LV ODJJLQJ ZLWK 9 E\ DQ DRyJOM DQI3H5 9 LV OF

Phase Differencéor) Phase Angle

¥ The angle between Voltage Vector and Current Vector in an AC Circuit is called as

Phase Angle.
o S >V

pu

Power Factar

¥ The Cosine of the Phase Angle betwd@itage Vector and Current Vector an AC
Circuit is called as Power Factor.

% 3RZHU )DFWRU &RV

o) >V

8




Active Power

¥ The Useful Power which is consumed by an Electrical Load in an AC Cisatatled
as Active Power.

¥ Active Power is denoted by P.
% The unit of Active Power is Watts.

% Active Power is also called as Useful Power, True Power, Real Power etc.

% The Product of RMS Value of Voltage, RMS Value of Current and Power Factor is
called asActive Power.

P = »e0 U»ea U “¢E (o) P = VI ‘«E
ZKHUH LV WKH 3KDVH $QJOH EHWZHHQ 9ROWDJH DQG

O >V

8

Reactive Power
¥ The Unused Power which is not consumed by an Electrical Load in an AC Circuit is

called as Reactive Power.

¥ Reactive Power is denoted by Q.

¥ The unit of Reactive Power is Volt Ampere Reactive (VAR).

¥% TKH 3URGXFW Rl 506 9DOXH RI 9ROWDJH 506 9DOXH RI

Reactive Power.

Q = "ee U»ee U <E (o) Q=VIBLQ

LV WKH 3KDVH $QJOH EHWZHHQ 9ROWDJH DQG &XU

O >V

8

where




Apparent Power

% The Product of RMS Value of Voltage and RMS Value of Current is called as
Apparent Power.

¥, Apparent Power is denoted by S.

% The unit of Apparent Power is Volt Ampere (VA).

%S = vee U vea(or) S=VI

O >V

8

Impedance

¥ Impedance is the property of opposing or controlling the flow of current in an AC
Circuit due to Resistor, Inductor and Capacitor.

— AANNN— — (oo | £
[N
Resistor Inductor Capacitor

¥ Impedance is denoted by Z.
% 7TKH XQLW RI ,PSHGDQFH LV 2KP Y

¥ Impedance Resistance + Reactance
Z=(R) +(X)

¥ Impedance = Resistance + Inductive Reactance + Capacitive Reactance
Z=(R)+ (I X)+ (I Xc)
Z=R+JX X Xc

Here X_ &E | where f = Frequency (in Hz) L = Inductance (in Henries)

Xc = where f = Frequency (in Hz) C = Capacitance (in Farads)

6 dG



Behaviour of Resistor (Pure ResisteCircuit) to AC Supply

Circuit Diagram

X R
N
V4
(-
Ac SHpPRy

& 8)

Waveforms
N
V
* 0 2% y
260
o < : — G@leaxae,%)
L3k (sodiang)
N
Phasor Diagram
T VN
O~ S>>

% Current and Voltage will be {Rhase with each other.
¥% Phase$QJOH

% 3RZHU )DFWRU &RV &RV

% ,PSHGDQFH = ©5Y

% Current L—



Behaviour of Inductor (Pure IndatceCircuit) to AC Supply

Circuit Diagram

- L.
N CTTE

oJ

AC SLLQQ\\(S__
(v, 8

Waveforms

Phasor Diagram

\'4
S
I

@)

®© =98

T

¥ Current and Voltage will be Owtf-Phase with each other.
% Currentwill be Lagging withVoltage by an anglef 9¢°
% 3KDVH $QJO%™

% 3RZHU )DFWRU &RV &RV
¥ Impedance=Z=JX Y where XL ,QGXFWLYH 5HDFWDQFH LQ
Xt=tN"~ where f = Frequency (in Hz)

L = Inductance (irHenries)

% Current L—



Behaviour of Capacitor (Pure CapaciceCircuit) to AC Supply

Circuit Diagram

< (o
P Suppiy
AP
Waveforms
N

T

¥ Current and Voltage will be Owtf-Phase with each other.
% Currentwill be Leadng with Voltage by an anglef 90°
% 3KDVH $QJO%™

% 3RZHU )DFWRU &RV &RV
¥ Impedance =Z =£J Xc) Y where X &DSDFLWLYH 5HDFWDQFH L
5 ,
Xc= 5 do where f = Frequency (in Hz)

C = Capacitancén Farad$

¥ Current L—



UNIT +2 Chapter +1 Electrical Machines

Transformer
Induction Motor (AC Motor)
Alternator (AC Generator)
DC Motor
DC Generator

Transformer

Main Function of Transformer

Transformer is a Static Electrical Machine which transforms or transfers EleBtwic@r and
Electrical Energy from one circuit to another circuit without any change in Frequency.

Ty '{1 'T‘ Heckaod

Applicationsof Transformer
Core Type Transformers are used in Generating StationsStatibns and Residential Areas

Shell Type Transformers are usedBattery Chargers (Cell Phone, Laptop), Power Supplies
(UPS, Inverter) and Electronic Circuits (TV, Radio)

Construction of Transformer

Transformer is a Static Electrical Machine which transforms or transfers Electrical Power and
Electrical Energy from amcircuit to another circuit without any change in Frequency.

The Main Part®f Transformeiare(i) Core (ii) Coil or Winding
(i) Core:
¥ The purpose of Coris to hold the Coil or Winding.
¥ Another purpose of Core is pyoduce the magnetic field
¥, Core ismadeup of High Grade Silicon Steel (Magnetic Material).
¥, Core is laminateavith thin sheets of L shape or E shape
% There are two types of Cores. They are Core Type and Shell Type.

¥% TKH 7UDQVIRUPHU ZKLFK KDV 3&RUH 7\SlrhnskferH LV FD
7KH 7UDQVIRUPHU ZKLFK KDV 36KHOO 7\SH” &RUH LV FD



Core Type Transformer Shell Type Transformer
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(ii) Coil or Winding

¥ The purpose of Winding is to Transfer Electrical Power and Electrical Energy from
One Circuit to Another Circuit.

¥ Winding will be placed on the Core.
¥ Winding Consists of Primary Winding and Secondary Winding.
¥ Winding is made up o€opper

¥, The Winding which takes Electrical Power and Electrical Energy is called as Primary
Winding. The Winding which gives Electrical Power and Electrical Energy is called
as Secondary Winding.

¥ HV Winding will have more number of Turnand LV Winding will haveless number

of Turns
Step Down Transformer Step Up Transformer
Ny N
V > \/'2_ N N V)
' Ef B Vl £, Ex s




Comparison between Core Type Transformer and Shell Type Transformer

NS(I). Core Type Transformer Shell Type Transformer
1 r//—
T‘l ,_-L—\ T—l
N N
7 D ’
s V!I I
—— C'—-
| Priwa &?*i?% Sem&ujj
Lc'u«&ivg coxe wdin v\gf u'm&iv&
2 |The 7TUDQVIRUPHU ZKLI 7KH 7UDQVIRUPHU ZKLFH
7\SH” &RUH LV FDOOHCoreis called as Shell Type Transformer
Transformer.
3 | It has two Limbs. (Left Side Limb anl It has three Limbs. (Left Side LimiGentre
Right Side Limb) Limb and Right Side Limb)
4 | Primary Winding will be placed on Lef Both Primary Winding and Seconda
Side Limb and Secondary Winding wil Winding will be placed oi€entreLimb.
be placed on Right Side Limb.
5 | The Winding can be easily removéat | The Winding cannot be easily removed
maintenance purpose. maintenance purpose
6 | The Winding can be easily cooled. The Winding cannot be easily cooled
7 | The Thin Sheets of Lamination will f The Thin Sheets of Lamination will be in
in L Shape. Shape.
8 Shell TypeTransformers are used in Batte

Core Type Transformers are used
Generating Stations, Stfitations anc
Residential Areas

Chargers (Cell Phone, Laptop) Power
Supplies (UPS, Invertgrand Electronig
Circuits (TV, Radid




Working Principle of Transformer

Transformer is a Static Electrical Machine which transforms or transfers Electrical Power and
Electrical Energy from one circuit to another circuit without any change in Frequency.

R ﬁ__L—\ :E)" Electicod
Eleckdcal 7 d )N . 4 Powes
Powsexd ! 2 D\ e—m—
ﬁx‘ V‘ 3 El E')—-C_— E\QL‘H\(Q-\
Hed a T _ : Ev\cs%‘;\!r
E“Q'ﬂ-a' ‘P)s’o\W\OJB— Sefonj;:\—"‘d-
] Lﬂ.\\r\cgi\mé_ L coxe. o V\%
Here, V = Voltage
| = Current
E =EMF

N = Number of Turns
@ = Magnetic Flux

Stepl: Vi ==> |1 ==> Production of Magnetic Fieldue toMMF ==> E;
WhenaVoltage(V1) is applied acrosBrimary Winding, then
Current(ly) passes through Primary Winding.
Magneto Motive Force (MMF) produces Magnetic Field aroundPtimaaryWinding.

The amount of Magnetic Field is called as Magnetic Flux (9).

$FFRUGLQJ WR )DUDGD\YV /DZ RI (OHFW@BRwWDDaIQHWLF
induced inPrimary Windingdue to altenating Magnetic Flux around tiWinding.

Step2: Production of Magnetic Fieldue toMutual Induction==> E, ==> I, ==>\/;

According to Mutual Inductioras the Secondary Winding placed near the magnetic

field of Primary Winding on a same Coqra Magnetic Field wilbe produced around
the Secondary Winding

The amount of Magnetic Field is called as Magnetic Flux (Q).

$FFRUGLQJ WR )DUDGD\YV /DZ RI (OHFWELRWIIDBEIQHWLF
induced inSecondary Windinglue to alternating Magnetic Flux around Wénding.

Current(l2) passes through Secondary Winding.
Voltage(V2) will be produced across the Secondary Winding.



Induction Motor (AC Motor)

Main Function of Induction Motor

Induction Motor is a Rotating Electrical Machine whichconverts Electrical Energy
(AC Supply) into Mechanical Energy.

S'Cmbﬂ‘s’
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Applications oflnduction Motor

Squirrel Cage Induction Motors are usedWater Pumps Grinding Machines Printing
Machines Fans etc.

Slip Ring Inducibn Motors are used in Electric Trains, Lifts, Cranes, Stone Crushers etc.

Construction of Induction Motor

Induction Motor is a Rotating Electrical Machine whichconverts Electrical Energy
(AC Supply) into Mechanical Energy.

Shatk —

mecharicol
E.\r\o.r‘a?

The Main Parts olinduction Motor are (i) Statd(ii) Rotor



(i) Stator

S\l R ...._.__rm‘r\_._.‘_r
3¢
AC ¥ T
Soppt
Be——— ¥ —
Stator Core Stator Winding

Stator isa stationary part of the Induction Motor.

Stator consists of Core abil (Winding).

Stator Core is made up of High Grade Silicon Stekelgnetic Material).
Stator Core is laminated.

Stator Core consists of Slots.

Stator Winding will be placed in the Slots.

Stator Winding is made up of Coppg@onducting Material)
6WDWRU :LQGLQJ ZLOO WDNH - $& 6XSSO\

(ii) Rotor:

Rokwsx éw’t

Rotor Core Squirrel Cage Rotor Slip Ring Rotor

Rotor isarotating part of the Induction Motor.

Rotor consists of Core ar@bil (Winding).

Rotor Core is made up of High Grade Silicon Steel (Magnetic Material).
Rotor Core is laminated.

Rotor Core consists &lots.

RotorWinding will be placed in the Slots.

Rotor Winding is made up of Copper (Conducting Material)

There are two types of Rotors. (1) Squirrel Cage Rotor (2) Slip Ring Rotor.

7TKH ,QGXFWLRQ ORWRU ZKLFK KDV 36TXLUUBae &DJIJH 5F
,QGXFWLRQ ORWRU"

7TKH ,QGXFWLRQ ORWRU ZKLFK KDV 360LS 5LQJ 5RWRU”’
ORWRU’



Comparison between Squirrel Cage Rotor and Slip Ring Rotor
Comparison between Squirrel Cage Induction Motor and Slip Ring Inductiéor Mo

Sl. Squirrel Cage Rotor / Slip Ring Rotor /

No. | Squirrel Cage Induction Motor Slip Ring Induction Motor

1

Rokes 5t

2 |In Squirrel Cage Rotor, the ends | In Slip Ring Rotor, one end of Rot

Rotor Winding will be short circuited. | Winding will be shortcircuited and othe
end will be connected to Slip Ring
Brushes and External Resistance.

3 | The Induction Motor which ha] The Induction Motor which has Slip Rin
Squirrel Cage Rotor is called { Rotor is called as Slip Ringnduction
Squirrel Cage Induction Motor. Motor.

4 | Squirrel Cage Induction Motors a| Slip Ring Induction Motors are used
used in Water Pumps Grinding| Electric Trains, Lifts, Cranes, Stof
Machines Printing MachinesFans etc.| Crushers etc.

5 Slip Rings, Brushes and Exterr] Slip Rings, Brushes and Exterr
Resistance are not required. Resistance are required.

6 | Construction is simple and Cost is les| Construction is not simple and Cost is mg@

7 | Losses are less and Efficiency is mor({ Losses are more and Efficiency is less

3 95% of practical applications use the | Only 5% of practical applications use the
Squirrel Cage Induction Motor Slip Ring Induction Motor

9 | Speed Control is not easy Speed Control is easy

10 | Low Starting Torque High Starting Torque




Working Principleof Induction Motor

Induction Motoris a Rotating Electrical Machine whichconvertsElectrical Energy(AC
Supply) into Mechanical Energy.
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Stepl:
V1 ==> I ==> Production of Magnetic Fieldue toMMF ==> E;

WhenaVoltage(V1) is appliedto StatorwWinding, then
Current(l1) passes through Stator Winding.
Magneto Motive Force (MMF) produces Magnetic Field aroundStiator Winding
The amount of Magnetic Field is called as Magnetic Flug.(&d

$FFRUGLQJ WR )DUDGD\YV /DZ RI (OHFWEDRWIOBRIQHWLF
induced inStator Windingdue to alternating Magnetic Flux around Wending.

Step2:
Production of Magnetic Fieldue toMutual Induction => => |,

According to Mutualnduction,as the Rotor Windings surrounded by the Magnetic
Field of Stator Windinga Magnetic Field wilbe producedn the Rotor Winding

The amount of Magnetic Field is called as Magnetic Flux. (2

$FFRUGLQJ WR )DUDGD\YV /DZ RI (OHFWELRWIIDBEIQHWLF
induced inRotorWinding due to alternating Magnetic Flux around Weding.

Current(l2) passes through Rotor Winding.

Step3:

The directions of Stator Magnetic Flu@s) and Rotor Magnetic FluXd) are
opposite to each other

Due to the opposite directions @& and @, both repel with each other and the rotor
rotates in clockwise direction.



Alternator (AC Generator)

Main Function ofAlternator

Alternatoris aRotatingElectrical Machine whicltonvertsMechanicaEnergyinto Electrical
Energy(AC Supply)

RI(V)

Prime =" Y ac

Mmo\es e gu_f)p\na,
sikiatnd —p

Nicchancal Py Electrical Energy

Applications ofAlternator

Salient Pole Alternatorare used itHydel Power Plants

Non-Salient Pole Alternators are used in Thermal Power PlantsP®asr Plants, Nuclear
Power Plants, Banks, Hospitals etc.

Construction ofAlternator

Alternatoris aRotatingElectrical Machine whicltonverts Mechanicdnergyinto Electrical
Energy (AC Supply).

RI(V)

mo\es > gwf)p\na,
—— —p
Nicehaocal P2y Electrical Energy

The Main Parts oflternatorare (i) Statoiii) Rotor



(i) Stator

s\t — .
3¢
FETET 34 AC.
Soppt
T ——— p
Stator Core Stator Winding

Stator isa stationary part of thAlternator.

Stator consists of Core and Winding.

Stator Core is made up of High Grade Silicon Steel (Magnetic Material).

Stator Core is laminated.

Stator Coreconsists of Slots.

Stator Winding will be placed in the Slots.

6WDWRU :LQGLQJ ZLOO JHQHUDWH - $& 6XSSO\
(ii) Rotor:

o L

Projected Pole Rotor Cylindrical Rotor
(Salient Pole Rotor) (Non-Salient Pole Rotor)

Rotor is arotating part of thélternator.

Rotor consists of Core and Winding.

Rotor Core is made up of High Grade Silicon Steel (Magnetic Material).
Rotor Core is laminated.

RotorWinding will be placedn the rotorcore

Rotor Winding is made up of Copp@onducting Material)

There are two types of Rotors (or) Rotor Cofé$Projected Pole Rotor (o8alient
Pole Rotor(2) Cylindrical Rotor (or) NonSalient Pole Rotor.
TheAlternator Z K L F K S&lizi Pole Rotor LV F D CBalienGP@eVAlfernator

The Alternator Z KLF K NMob-Salient Pole Rotor LV F D ONDKHSaliddtvVPdle
Alternator”



Comparison betweefalient Pole RotaandNon-Salient PoleRotor
Comparison betweefalient Pole AlternatandNon-Salient Pole Alternator

Sl. SalientPole Rotor/ Non-Salient PoleRotor/
No. Salient Pole Alternator Non-Salient Pole Alternator
1
/_)’SLOE
2 | Poleswill be projected outside Poleswill not be projected outside.

3 | Winding will beplaced on the poles | Winding will be placed in the slots

4 | Largerdiameter & smaller axial length; Smaller diameter & larger axial length

5 | Salient Pole Rotohas to be rotated i| Non-Salient Pole Rotocan be rotated i
low speed low speed and high speed also.

6 | Preferred for Low and Medium Pow| Preferred for High Power Applications
Applications

Prime Movers used for this rotor a Prime Movers used for this rotor are Ste
Diesel Engine, Petrol Engiredc. Engines

. . Non-Salient Pole Alternators arssed in
Salient Pole Alternators are used in
8 Hvdel Power Plants Thermal Power Plants, Gas Power Plants
y Nuclear Power Plants, Banks, Hospitals ¢




Working Principle of Alternator

-
H

° s R(v)
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Stepl: V ==> | ==> Production of Magnetic Fieldue toMMF ==> E

When the rotor is rotated with a Prime Moy&iesel Engine, Petrol Enge, Steam Engine,
Water Turbine andVind Turbine) andWhena DC Voltage is appliedo Rotor Winding

through Slip Ringsthen
Current passes through Rotor Winding.
Magneto Motive Force (MMF) produces Magnetic Field aroundribker Winding
The amount of Magnetic Field is called as Magnetic Flux.
$FFRUGLQJ WR )DUDGD\YV /DZ RI (OHFWWBRwNilORRIQHWLF
induced inRotor Windingdue to alternating Magnetic Flux around Wending.
Step2: Production of Magetic Fielddue toMutual Induction==>E ==> 1| ==>V

According to Mutual Inductionas theStatorWinding is surrounded by the Magnetic
Field of RotorWinding, a Magnetic Field wilbe producedn the StatorwWinding.

The amount of Magnetic Field ealled as Magnetic Flux (D).

$FFRUGLQJ WR )DUDGD\YV /DZ RI (OHFWHBRNIORRIQHWLF
induced inStatorWinding due to alternating Magnetic Flux around Wending.

Current passes throu@tatorwinding.
AC Voltagewill be generated from Stator Winding.



DC Machines

Main Function of DC Motor
DC Motor is a Rotating Electrical Machine whicltonverts ElectricaEnergy(DC Supply)
into Mechanical Energy.

Main Function of DC Generator
DC Generatons a Rotating Electrical Machine whichconverts MechanicaEnergy into
Electrical Energy (DC Supply).
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Applications of DC Machines

DC Motors are used inlEctric Trains, Lifts, Cranes, Stone Crushé&k&ter Pumps, Grinding
Machines, Printing Machines, Fans

DC Generators are used in Electric Trains, Battery Charging, Power Supplies



Construction of DC Machingr) DC Generator (or) DC Motor

UV

The main parts of DC Machine are
(1) Poles& Field Winding (2) Armature& Armature Winding (3) Commutato& Brushes

(1) Poles and Field Winding:

Pole
Cave,

Pale shoe

Pole isastationary part of the DC Machine.

Pole consists of Pole Core and Pole Shoes.

Pole Core is made up of High Grade Silicon Steel (Magnetic Material).

Pole Core is laminated.

Field Winding will be placed othe Pole Core.

Field Winding is made up of Copper.

When the current passes through the Field Winding, a Magnetic Field will be
produced around the Field Winding.

Pole Shoe distributes or spreads the Magnetic Field.



(2) Armature and Armature Winding:

Armature isarotating part of the DC Machine.

Armature consists of Armature Core and Armature Winding.

Armature Core is made up of High Grade Silicon Steel (Magnetic Material).
Armature Core is laminated.

Armature Core consists of Slots.

Armature Windingwill be placed in the Slots.

Armature Winding is made up of Copper.

(3) Commutator:

-+,
N Lo ]
[ T o % DC Supply
. J b
/ Covowmurtoartoms BM\O@

Asrrokire. —_

Commutator isarotating part of the DC Machine.

Commutator consists of Commutator Segméat& b).

Commutator Segments are made up of Copper.

Commutator Segments aseparated by insulating medium (Mica).

Commutator Segments are connected to Armature Winding.

Brushes are the stationary part of the DC Machine.

Brushes are made up of Carbon.

In DC Motor, Armature takeshe DC Supply through Commutator and Brushes.
Commuator converts DC to AC.

In DC Generator, Armature generatdge DC Supply through Commutator and
Brushes Commutator converts AC to DC.



Working Principle of DC Motor

DC Motor is a Rotating Electrical Machine whictconverts Electrical Energy (DSupply)
into MechanicaEnergy

c
DC Supptt <« LN ¢
s ¢

T
-

Stepl:
Whena DCVoltage is appliedo the Field Winding (F £FF), then
Current passes througime Field Winding.
Magneto Motive Force (MMF) produces Magnetic Field around-takel Winding

The amount of Magnetic Field called as Magnetic Flux ¢

Step®:
When a DCVoltage is appliedo the Brushesthen
Commutator collects the DZoltagefrom Brushes
CommutatorconvertsDC Voltageinto AC Voltage
Armature Windingcollects theAC Voltagefrom Commutatar
Current passes througire Armature Winding.
Magneto Motive Force (MMF) produces Magnetic Field around Anmature
Winding.
The amount of Magnetic Field is called as Magnetic Fluy).(&

Step3:

The directions o@f and@da are opposite to each other

Due to the opposite directions @ and Ja, both repel with each other and the
armature rotates in clockwise direction.



Working Principle of DC Generator

DC Generatoris a Rotating Electrical Machine whichconverts MechanicaEnergy into
ElectricalEnergy (DC Supply).

Prtme 7\ S
Mo\Nex
N‘IQQ}N&QO& AA
Eno_‘c‘:ﬂ"a/ < K ,‘\ 7\ 7
d

The examples of Primer Movers are Diesel Englitetrol EngineSteam Engine etc.
Prime Mover rotates the Shaft, Armature and Commutator.

When a DC Voltage is applied to Field Winding ¢FF), then, Current passes
through FieldWinding andMagneto Motive Force (MMF) produces Magnetic Field
around the Field Winding

When the Armature Winding is rotated in the Magnetic Field, an EMF will be
induced in the Armature Winding.

This EMF is AC EMF. But, DC Generator has to generate DGEM

Hence, Commutator is connected to Armature Windingptovert AC toDC.

EmE

+ Y e
< . 7
ol I 8o %3 (dageees)
As the Commutator is rotating, it is not possible to collect the EMF and Current
through wires.

So, two brushes are placed on the Commutator.
As the brushes are stationary, ie&sy to collect the EMF and Current through wires.




% When the Armature Winding rotates fromt6 18¢

EXF
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AB & cD — cordactous
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@O £ E — Bwihes

Conductor AB is under North Pole, Therefore, Current direction is downwards.
Conductor CD is under South Pole, Therefore, Current directigpwards.

Current Path is

AB ==> a ==> 1 ==> load ==> 2 ==> b ==> CD
Here, Currents passing throughhe loadfrom left side to right sidevhich is our
assumptionSo, Waveform is positive.

% When the Armature Windingptates from 180to 360

Eme
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AR L CD —> Condluckag?

a £ L —— Corarnuvotary
Smg,wxmv\‘bﬁ

O 4@ — Brushes

Conductor CD is under North Pole, Therefore, Current direction is downwards.
Conductor AB is under South Pole, Therefore, Current direction is upwards.
Current Path is

CD => b ==> 1 ==> load ==> 2 ==> a ==> AB

Here, Currentis passing through the load from left side to right side which is our
assumption. So, Waveform is positive.

¥ The complete Waveform of Generated EMF is
EmFE

+ +\ s
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\«— Damping torque
2
O

> (Air friction)

Pointer

S

% ///;\ Moving iron

J

Coil

| — ]\

Control weight

¢ instruments are based on the principle that when an unmagnified soft 1ron

principle: Thes mAgTe |
p then the iron piece is attracted

piece 15 placed near the current carrying coil (conductor),
owards the coil. Damping torque is provided by air friction.
shows the constructional details of attraction type moving 1ron

Construction: Figure (4.7) | |
olenoid. An oval shaped soft

t mainly consists of a hollow cylindrical coil or s
the spindle, which 1s supported between tWwo jeweled
coil, and then the

mstrument, |
iron piece and a pointer are attached to | |
bearings near the coil. The soft iron piece is free (o move in Or (Tu{ of Ih(.: | et
pointer also deflects on the scale with the motion of the tron piece. This is provided with

spring control and air friction damping.



Working: When the instrument is connected (o the circuit, the operating current flows through

ing: When the in k e | e

the sta- tionary coil. A magnetic field is set up and the soltron piece 18 magnetized, which 1s
| j inter attache » spindle is deflected

<t coil. Thus the pointer attached to- the spindle 1s

dtracted towards the centre of the coil. Thus

over the calibrated scale. If the current In th . o | '

agnetism produced n the soft iron piece will also

¢ coil is reversed, the direction of the magnetic

field pro- duced will reverse and the m

feverse. Hence, the direction of the deflecting torque remains unchanged. These instruments

tan, thus, be used on DC as well as AC Sysiems

SHSXOVLRQ 7\SH 0, OHWHU

T

Pointer
B» 4/ Coil
;_77 Moving Iron

@&— Air Chember

Spring Control

inciple: These mstruments are based on the princinle (ha the ror 1. ¢ ‘
Prin .PI o sttt o e principle that the repulsive foree will act. Whe
two similarly magnetized iron pieces are placed nearer to cach other

onsists of a fixed cvlinde: . nrating
I8 Vlixed eylindrical hollow coil, which carries the “P”"“?}”
) 1 » ’ c
ot ‘ Lol , S placed parallel to cach other, one fixed fmd lh
U povables conneeted Lo the spindle. In (hig nstrument, controlling torgue 15 provided Y

o | g

1! ) X ; L e ; roll .
nﬂ‘nu cu““"l method and damping, lorque is provided by air friction damping,
i
5}11

, |s'|l'“c"0n‘ 2oil there ar
(o nside the coil there are two vape

Working: If current flows through the coil, a magnetic field is set up along the a}xis of fhe
il This field magnetizes both the vanes and attains similar polarity. A force of repulm@
s hetween the two vanes. Therefore movable vane moves away from the fixed vane. Thus,

the pointer attached to the spindle deflects over the calibrated scale.



$GYDQWDJHYV DQG 'LVDGYDQWDJHV R

Advantages: The various advantages of MI instruments are

(i) These instruments can be used for both AC and DC circuits.

(i1) They are quite robust in construction.

(1ii) They are comparatively cheaper.

(iv) As the torque to weight ratio is high, errors due to the friction are very less.

(v) They give sufficiently accurate readings, especially when they are used in AC
circuits.

(vi) These can withstand large loads and are not damaged under sever over load
conditions.

Disadvantages: The various disadvantages of MI instruments are

(i) The scale of MI instrument is non uniform (¢ o / 2 or V%) and is cramped at the lower
end. Hence, accurate readings are not possible at this end.

(ii) There are serious errors due to hysteresis, frequency changes, and stray magnetic
fields.

(iii) The calibration is different for AC and DC because of the effect of inductance of
meter.

(iv) Power consumption is high.



0& OHWHU 3HUPDQHQW ODJQHW ORYLQJ &

& A
' /— Magnet

-
\/

7
Moving Con‘/ } \ o
. \ Moving Coll

=N

Spiral Springs

Jewel Bearings

Principle: It is based on the principle that, whenever a current carrying conductor is placed
in a magnetic field, a mechanical force acts on the conductor.

Construction: A PMMC instrument consists of a permanent magnet and a rectangular coil,
3 o e . O

which can move about a central axis in the air gap, in between the poles N and S of the

magnet as shows in figure (4.9). The coil consists of a number of turns of copper wire and

narrow air gaps

ounted on @ aluminium former and the rectangular coil lics in the _
cfs as a moving

o 18 m . i §
=g the poles and cylinder. The coil is mounted on the spindlc and 2

%
et » . .
Jement The purpose of the aluminium former is to provide the necessary dampmé torgue:

Working: When the instrument is connected in the circuit, operating current flows through

ihe coil, which is mounted on the spindle. Since the coil is placed in the strong magnetic

field, a force acts on the coil which produces deflecting torque (T,). Thus pointer attached

to the spindle deflected over the scale. If the current in the coil is reversed, the direction of

d, because filed produced by the permanent magnet does

the deflecting torque will be reverse
f rotation. So this instrument can not be

not change. This change will give wrong direction 0

used for AC supply.
. PR T AL 4¢hAa ;mmnrina
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Advantages: The various advantages of PMMC instruments are:
(1) It has uniform scale
(i1) The sensitivity is high
(111) Power consumption is very low
(iv) It is very accurate and reliable
(v) No hysteresis loss
(vi) Damping is very simple and effective
(vi1) Extension of instrument range is possible
Disadvantages: The various disadvantages of PMMC Instruments are:
(i) Suitable for DC measurements only
(ii) The cost is high due to delicate construction

(iii) Errors are present due to friction at the bearings and temperature variations



'KHDWVWRQH %ULGJH

¥% :KHDWVWRQH %ULGJH LV XVHG WR PHDVXUH XQNQRZQ UHV
¥% :KHDWVWRQH %ULGJH ZDV LQYHQWHG E\ &KDUOHV :KHDWV
¥% :KHDWVWRQH %ULGJH FRQVLVWYV RI DUPV

¥» $UP $% FRQVLVWYV RI IL[HG UHVLVWDQFH 5

¥» $UP %& FRQVLVWYV RI IL[HG UHVLVWDQFH 5

¥» $UP $' FRQVLVWYV RI YDULDEOH UHVLVWDQFH 5

¥2» $UP & FRQVLVWYV RI XQNQRZQ UHVLVWDQFH 5

¥» $UP $& FRQVLVWYV RI *DOYDQRPHWHU

¥% %\ DSSO\LQJ .&/ DW 1RGH $, 3 L (TQ
Y% %\ DSSO\LQJ .&/ DW 1RGH &3 L, (TQ
% %\ DSSO\LQJ .9/ IRU WKH 6RR%S $%& L (TQ
% %\ DSSO\LQJ .9/ IRU WKH BRR5 $8J J(TQ

¥» $GMXVW WKH Y DUWBEIHW UHYVQ O VERHUOBHFWLRBRQ LQ WKH JDOY

¥ (TQ EHFRPHYV , ,
¥ (TQ EHFRPHYV , ,

% (TQ EHFRPHY 5, 1I'5
Y2 (TQ EHFRPHY , 5, I'5
3/4Io|9 !_& _ﬁ

lol : \ Vo

¥ )URP WKH DERYH HTXDWLRQ

P (TQ
P (TQ

WEO KO NFORFQY QMW HGWDQFH !



‘" » orgy Resources, Electricity ‘i - |
Bill & Safety Measures

NS

//—"”:— LEARNING OUTCOMES
ot eading this chapter, the reader will be able to
A ¢

0 Outlinet
; ntional - i
o List yarious conve and non-conventional energy sources

he importance of electrical energy

» Compare conventiqnal and non-conventional energy sources
» llustrate hydroelectric, nuclear, solar and wind power plants
o Explain different types of tariffs

& outline the power rating of household appliances

& lllustrate first-aid for electric shock

& Explain the necessity of earthing/grounding

w lllustrate various methods of earthing

& Differentiate fuse and circuit breaker

& Outline the energy consumption calculations

51 INTRODUCTION

Frergy is the necessity for the economic development of any country. The greater the per

apita consumption of energy in a country, the higher is-the standard of living of its people.

The demand for energy resources are increasing day by day in the development of industries,

mnsportation and agricultural activities. Power and energy are buzzwords in today’s world.
Brergy exists in different forms in nature but the most important form is the electrical energy.
The survival of industrial undertakings and our social structures depends primarily on low cost
@d uninterrupted supply of electrical energy. Electricity is emerged as basic necessity with
fOQd, shelter and clothing for human being. Infact, life without electricity has become highly
wimaginable, Electric locomotives, heating, cooling, fans, blowers, motors, illumination are
“me applications that converts electrical energy into useful work.

‘2ENERGY RESOURCES

Ene _ : :

8 resources refer to the various natural sources or technologies used to obtain, produce,
convert energy for various purposes, such as electricity generation, transportation, heating,
1 : ¥ . . ‘
Ndustria] processes. Energy resources are classified into two types; such as (i) conventional

| & resources, and (if) non-conventional resources.

L'L
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(jonal sources of energy that haye bec

i Ny,

energy resources T L d pO\\’Cr in various as.pe‘cts of modery, life“ldely
te elee l .|, means they are limited and wjy e\,'n‘\&

1C\vﬂl? L esources lnClUdC: Entuauy
rention

Conventional
used for many years (0 generd

resources are typically non-ret

exhaust. The most common com
(i) Fossil Fuels

(n) Coal: Coal is a blac

ol carbon. It has been us.c

burned to produce clectricit

al energy T

- bro\mieh-black sedimentary rock that is primarily .
k or d for centuries as @ source of heat and energ, Poy
y n Coal-ﬁred pOWef plants. andu
s roduce various products :

: . Crude oil 18 refined to P \ S, et

() Ol (Petroleum): Orute -0_1 fuel. These fuels are used 1n transportatio ¢l iy

gasolin, dicscfl fucl, and Je : o |

owWCer cncration. . .
p g ydrocarbon gas composed primarily of .

% isah
(¢) Natural Gas: Natural gas ' i ‘
It is uscd for heating, power generation, and a les and jpq

ey |

Ustry
processes. . o ot

(ii) Nuclear Encrgy: Nuclear power 18 generated by hqmssmg t at produceq duy,

nuclear fission reactions. It is considered a conventional energy source becaug h £

been in use for scveral decades. Nuclear power plants use uranium or pluloniumm-
fucl.
(iii) Hydropower: Although often considered a renewable energy source, hydropowe "
also be classiffied as conventional when it involves large-scale dams and reservoi
Water is used to turn turbines, generating electricity. This is a mature technology ﬂn&

has been widely used for many ycars.

(iv) Biomass: Biomass energy is derived from organic materials such as wood, crop residue
and animal waste. It can be burned directly for heat or converted into biofuels Jife
cthanol and biodiesel for transportation and power generation.
These conventional energy sources have been the backbone of the global energy indusiy
for many ycars. However, they have several drawbacks, including environmental concems
(c.g., greenhouse gas emissions, air and water pollution, and habitat disruption) and
the fact that they are finite resources. As a result, there has been a growing emphass
on transitioning to cleaner and more sustainable energy sources, such as rencwable
energy (c.g:, solar, wind, and hydro) and improving energy efficiency to reduce our relian
on conventional energy resources and mitigate their negative impacts on the environment

5.2.2 Non-conventional Energy Resources

Non-conventional energy resources, also known as alternative or renewable energy resou
because they are typically sustainable, environmentally friendly, and have an unlimited suppl
These resources are obtained by using natural processes whicl; can b Ienishedt in ashot
amount of time. Here are some examples of non—conve;tional er?:rg; rreefources:

i) Sol ay: i
(i) Solar Energy: Solar power is generated by capturing energy from the s

photovoltaic cells or solar i
panels. It - - one?
that can be used for electricity it virtually unlimited sourc® Ofezd !

rooflops, in solar farms, and genf-ratiOn and heating. Solar panels can be instal
» and even integrated into building materials

usiné



0
)Hydrma”cr_scale hydropower systems that ¢

il s ' :

™ e e electricity. These micro-hydro or 1
gcns ems than large dams.

ec0

Ini-hydro systems are less disruptive to

al Energy: Geothermal
e themi ricity. This heat can be power plants use heat from within the Earth to
’ genefate ¢ die underground. Geothe Sou;'ced ffOIp hot water reservoirs, geysers, or even
hot rocks de€P : Tmal energy is reliable and has a low environmental
. {.
impac

0 giomass Energy (Sutstamable Sour.ces): While conventional biomass can have negative
enviroﬂmemal 1mpacts, U.OH'COHVentl.onal biomass energy sources come from sustainably
nanaged forests and agricultural residues. These materials can be used

. to generate heat,
JJectricity, OF biofuels. ,

. Ocean Energy: Ocean energy includes tidal energy, wave energy, and ocean thermal
energy. These technologies harness the power of the ocean’s movements and temperature

differences ks gen_erate electricity. They are still in the early stages of development but
have great potential. |

Hydrogen Energy: Hy(.lrogen can be produced through various methods, including
clectrolysis of water using renewable electricity. It can be used as a clean fuel for
vehicles and power generation when produced using non-polluting energy sources.

| i) Biofuels: Non-conventional biofuels are produced from organic materials like algae or

non-food crops. They can be used to replace traditional fossil fuels in transportation
and are considered more environmentally friendly.

| (vil

() Waste-to-Energy: This involves converting municipal solid waste or organic waste into
energy through processes like incineration or anacrobic digestion. It not only reduces
waste but also produces energy.

Non-conventional energy resources aré¢ seen as morc sustainable and environmentally
rsponsible alternatives to conventional energy sources like coal, oil, and natural gas. They
|y a crucial role in reducing greenhouse gas emissions, mitigating climate change, and
mnsitioning to a cleaner and more sustainable energy future.

| 323 Comparison between Conventional and Non-conventional Energy Resources

T
] SNo. | Parameter Conventional energy resources Non-conventional energy
S resources
| Source Derived from fossil fuels (coal, Derived from renewables such as
‘ oil, natural gas), nuclear, and large | sun, wind, water, geothermal, and
| ~— hydropower sources. sustainably sourced biomass.
f 2 Availability Limited and finite; fossil fuel | Virtually unlimited, relying on
~—_| reserves are depleting. ongoing natural processes.
| 3' Environmental High environmental impact, Low environmental impact,
Impact including greenhouse gas emissions, {ninimal e.missions and pollution
pollution, habitat disruption, and | in generation.
L i ) ecosystem damage-














































































































































































































































What is Zener Diode ?

Zener diode is defined as

The semiconductor which is heavily doped to operate in reverse dire ction or
in breakdown region.

The Zener diode behaves just like a normal general  -purpose diode
consisting of a silicon PN junction and when biased in the forward direction,
that is Anode positive with respect to its Cathode, it behaves just like a
normal signal diode passing the rated current.

However , unlike a conventional diode that blocks any flow of current

through itself when reverse biased, that is the Cathode becomes more

positive than the Anode, as soon as the reverse voltage reaches a pre -
determined value, the zener diode begins to conduct in the reverse direction.

Zener Diode Symbo |

The symbol for Zener diode is represented as below ,

Zener Diode Circui  t

We can define Zener diode as a single diode connected in a reverse bias. It
can be connected in reverse bias positive as in the circuit shown below



V-1 Characteristics of Zener Diod e

The diagram given below shows the  [V-I characteristics _|of the Zener diode.
When the Zener diode is connected, in forward bias, diode acts as a hormal
diode. But Zener breakdown voltage occurs when the reverse bias voltage is
greater than a predetermined voltage.

Working of Zener Diod e

The basic principle behind Zener diode working is based on the cause of
breakdown when the diode is in the reverse biased condition. For a Zener
diode there are two types of breakdown:

x Zener breakdown
x Avalanche breakdown

Avalanche Breakdow n

x A conventional reverse biased diode, when subjected to its breakdown
voltage allows a significant amount of current. But when this reverse
breakdown voltage is exceeded, the diode experiences an avalanche
breakdown.

x When we increase the voltage through Zener in reverse bias mode,
first current increases uniformly with it but after it reaches the
breakdown state, the current increases massivel y for a very small or
negligible change in voltage. The change is sharper in Zener than the
normal diode.



Causes of Breakdow n

x The breakdown is caused by two effects, the Avalanche effect and the
Zener effect. The Zener effect is dominant in voltages up to 5.6 volts
and the avalanche effect takes over above that.

x They are both simila r effects, the difference being that Zener effect is a
guantum phenomenon and the avalanche effect is the movement of
electrons in the valence band like in any electric current.

x Avalanche effect also allows a larger current through the diode than
the Zener effect.

Application of Zener Diod e

Following are the applications of Zener diode:

Zener diode as voltage regulator

Zener diode is used as Shunt voltage regulator for regulating voltage across
small loads. The breakdown voltage of Zener diodes will be constant for a
wide range of current. Zener diode is connected parallel to the load to make

it reverse bias and once the  Zener diode exceeds knee voltage, the voltage
across the load will become constant.

Zener diode in over  -voltage protection

When the input voltage is higher than the Zener breakage voltage, the
voltage across the resistor drops resulting in short circuit. This can be
avoided by using Zener diode.

Zener diode in clipping circuits

Zener diode is used for modifying AC waveform cli pping circuits by limiting
the parts of either one or both the half cycles of an AC waveform.

What are the advantages of Zener diode?

Following are the advantages of Zener diode:

x The size of the Zener diode is so small that it ca n be used in smaller
circuits and also in cell phones.

x Zener diodes are less expensive when compared to other diodes.

x Zener diodes can be used for controlling, regulating, and stabilizing
the voltage in the circuit.

x These diodes have a very high performanc e standard.

x The compatibility of the Zener diodes is good that they are used in
regulating voltage.



What is Zener voltage?

Zener voltage is defined as the voltage at which the Zener diode breaks
down.

How to control the breakdown voltage of Zener diode?

The breakdown voltage of Zener diode can be controlled either by adding
impurities or by increasing the doping level.

When does the Zener Diode allow reverse flow of current?

It allows the current flow in the opposite direction when the voltage is above
a certain value known as Zener Voltage or Avalanche Point or Breakdown
Voltage.

State true or False. Zener Diode exhibit controlled
breakdown.

True. Zener Diode does exhibit controlled breakdown.

How does breakdown occur?

The breakdown is caused by two effec  ts, the Avalanche effect and the Zener
effect.

What is the difference between the Zener effect and the
avalanche effect?

The Zener effect is a quantum phenomenon whereas, the avalanche effect is
the movement of electrons in the valence band like in the cas e of any electric
current.

































































































































































































































































































