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PART B

BASIC ELECTRONICS ENGINEERING

Course Outcomes:
After completion of the course, students will be able to:

CO4: Apply the concept of science and mathematics to understand the working of diodes,
transistors, and their applications.

CO5: Understand the characteristics of diodes and transistors.
C06: Understand the number systems, working mechanism of different combinational,
sequential circuits and their role in the digital systems.

UNIT I SEMICONDUCTOR DEVICES

Introduction - Evolution of electronics — Vacuum tubes to nano electronics - Characteristics
of PN Junction Diode — Zener Effect — Zener Diode and its Characteristics. Bipolar Junction
Transistor — CB, CE, CC Configurations and Characteristics — Elementary Treatment of
Small Signal CE Amplifier.

UNIT II BASIC ELECTRONIC CIRCUITS AND INSTRUMENTTAION

Rectifiers and power supplies: Block diagram description of a DC power supply, working of
a full wave bridge rectifier, capacitor filter (no analysis), working of simple Zener voltage
regulator. Amplifiers: Block diagram of Public Address system, Circuit diagram and working
of common emitter (RC coupled) amplifier with its frequency response. Electronic
Instrumentation: Block diagram of an electronic instrumentation system.

UNIT III DIGITAL ELECTRONICS

Overview of Number Systems, Logic gates including Universal Gates, BCD codes, Excess-3
code, Gray code, Hamming code. Boolean Algebra, Basic Theorems and properties of Boolean
Algebra, Truth Tables and Functionality of Logic Gates - NOT, OR, AND, NOR, NAND, XOR and
XNOR. Simple combinational circuits-Half and Full Adder, Introduction to sequential
circuits, Flip flops, Registers and counters (Elementary Treatment only)

Textbooks:

1.R. L. Boylestad & Louis Nashlesky, Electronic Devices & Circuit Theory, Pearson Education,
2021.

2.R.P.Jain, Modern Digital Electronics, 4th Edition, Tata Mc Graw Hill, 2009

Reference Books:

1. R. S. Sedha, A Textbook of Electronic Devices and Circuits, S. Chand & Co, 2010.

2. Santiram Kal, Basic Electronics- Devices, Circuits and IT Fundamentals, Prentice Hall,
India, 2002.

3. R. T. Paynter, Introductory Electronic Devices & Circuits - Conventional Flow Version,

Pearson Education,2009.
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UNIT-1




ELECTRONICS

Electronics comprises the physics, engineering, technology and applications that
deal with the emission, flow and control of electrons in vacuum and matter .This
distinguishes it from classical electrical engineering as it uses active devices to
control electron flow by amplification and rectification rather than just using

passive effects such as resistance ,capacitance and inductance.

EVOLUTION OF ELECTRONICS

¢ Vacuum tube (1°* generation)

* Transistor (2"¢ generation)

* |C (3" generation)

* MSI (Medium Scale Integration)

* LSI (Large Scale Integration)

 VLSI (Very Large Scale Integration) — 4'" gen.

)
]
]
* SSI (Small Scale Integration) ]
]
)
]
]

4] e ULSI (Ultra Large Scale Integration) — 5t gen.

Classification of solids

Conduction Band Conduction Band Conduction Band

=1eV

Valance Band =HeVv

Energy eV

Valance Band

Conductor

Valance Band

Semiconductor
Insulator

Fig: Classification of Solids on the basis of electricity Conduction


https://en.wikipedia.org/wiki/Electron
https://en.wikipedia.org/wiki/Vacuum
https://en.wikipedia.org/wiki/Matter
https://en.wikipedia.org/wiki/Electrical_engineering
https://en.wikipedia.org/wiki/Electrical_engineering
https://en.wikipedia.org/wiki/Amplifier
https://en.wikipedia.org/wiki/Rectifier
https://en.wikipedia.org/wiki/Electrical_resistance_and_conductance
https://en.wikipedia.org/wiki/Capacitance
https://en.wikipedia.org/wiki/Inductance

S No Conductors Semiconductors Insulators

- Conducts the electric current
Easily conducts the Does not conduct any
less than conductor and greater ’

electrical current current
than insulator,
Has only one valence - Has eight valence
_y X Has four valence electron 1n 1ts gh ; :
2 electron In its outermost ; electron in is
outermost orbit
orbit. outermost orbit.

Conductor formed using | Semiconductors are  formed

3 Insulators are formed
metallic bonding. due to covalent bonding. due to ionic bonding
Valence and
Valenis: and. soadiction Valence and conduction bands | conduction bfmdg are
4 are separated by forbidden | separated by forbidden
bands are overlapped. A
energy gap of 1.1eV. energy gap of 6 to
10eV.
5 Resistance is very small Resistance is high hiesl:s i e
g
It has positive temperature | It has negative temperature = o o
6 : : temperature
coefficient coefTicient .
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7 Ex: copperaluminium.etc | Ex: silicon, germanium, etc Ex: Mica, Paper, etc

Classification of semiconductor

« Intrinsic Semiconductor
+ Extrinsic Semiconductor

Classification of Extrinsic Semiconductor

« In n-type semiconductor. The doping contributes extra electrons, dramatically

increasing
the conductivity.(Impurity: phosphorus, arsenic, antimony, bismuth or some other)

« In p-type semiconductor: The doping produces extra vacancies or holes, which

likewise

increase the conductivity.(trivalent Impurity: Boron, gallium , indium aluminum)



SEMI CONDUCTOR DIODE:
Definition of Semiconductor

The materials that are neither conductor nor insulator with energy gap of about 1 eV (electron
volt) are called semiconductors.

Most common materials commercially used as semiconductors are germanium (Ge)
and silicon(Si) because of their property to withstand
hightemperature. Thatmeanstherewillbenosignificantchangeinenergygap with
changing temperature .The relation between energy gap and absolute temperature for
Si and Ge are given as,

E,=1.210-360x 104 x T eV (for Si)
E,=0.785-223x107* x T eV (for Ge)

Where, T = absolute temperature in

E,=1.210 —3.60 x 1074 x 300 = 1.1 eV (for Si)
E,=0.785 — 2.23 x 107* x 300 = 0.72 eV (for Ge)
°K

Assumingroomtemperaturetobe300°

K,

At room temperature resistivity of semiconductor is in between insulators and
conductors . Semiconductors show negative temperature coefficient of resistivity that
means its resistance decreases with increase in temperature. Both Si and Ge are
elements of IV group, i.e. both elements have four valence electrons. Both form the
covalent bond with the neighboring atom . At absolute zero temperature both behave
like an insulator , i.e., the valence band is full while conduction band is empty but as
the temperature is raised more and more covalent bonds break and electrons are set free
and jump to the conduction band.

Intrinsic Semiconductors

As per theory of semiconductor ,semiconductor in its pure form is called as intrinsic
semiconductor . Impure semiconductor number of electrons (n) is equal to number of
h=*-- 7 ==="*> ~gaductivity is very low as valence electrons are covalent bonded.

o = o 2 ) . . ]
17, =1L 2 € 27y = h = nj, where niis called the intrinsic concentration. It can be


https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/electrical-resistance-and-laws-of-resistance/
https://www.electrical4u.com/concept-of-atom/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/

shown that njcan be written

Where , nQ is a constant , T is the absolute temperature ,VG is
the semiconductor band gap voltage, and VTis the thermal voltage.
The thermal voltage is related to the temperature
byVT=KT/q Where, k is the Boltzmann constant (k =
1.381 x 1072 J/K).

] ° ] ©
e =

_..'.
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Extrinsic Semiconductors

As per theory of semiconductor, impure semiconductors are called extrinsic
semiconductors .Extrinsic semiconductor is formed by adding a small amount of
impurity. Depending on the type of impurity added we have two types of
semiconductors :N-type and P-type semiconductors . In100 million parts of

semiconductor one part of impurity is added.


https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/
https://www.electrical4u.com/intrinsic-silicon-and-extrinsic-silicon/
https://www.electrical4u.com/p-type-semiconductor/

N type Semiconductor

In this type of semiconductor majority carriers are electrons and minority carriers are

holes. N — type semiconductor is formed by adding pentavalent (five valence

electrons) impurity impure semiconductor crystal,

Four of the five valence electron of pentavalent impurity forms covalent bond with Si
atom and the remaining electron is free to move anywhere with in the crystal.
Pentavalent impurity donates electron to Si that’s why N- type impurity atoms are
known as donor atoms .This enhances the conductivity of pure Si. Majority carriers
are electrons.

P type Semiconductors

In this type of semiconductor majority carriers are holes, and minority carriers are
electrons. The p-type semiconductor is formed by adding trivalent (three valence

electrons) impurity in a pure semiconductor crystal,

e.g.B,AlBa.
P @ . @ . @ &
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Three of the four valence electron of tetra valent impurity forms covalent bonds with
Si atoms .The phenomenon creates a space which we refer to a hole. When the
temperature rises an electron from another covalent bond jumps to fill this space.
Hence, a hole gets created behind. In this way conduction takes place. P-type impurity

accepts electrons and is called acceptor atom. Majority carriers are holes.


https://www.electrical4u.com/n-type-semiconductor/
https://www.electrical4u.com/n-type-semiconductor/
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Figure 2 Energy Band Diagram of Intrinsic Semiconductor at (a) OK (b) Temperature > 0K



SEMI CONDUCTOR DIODE

A diode is defined as a two-terminal electronic component that only conducts current in one
direction(so long as it is operated within a specified voltage level). An ideal diode will have
zero resistance in one direction, and infinite resistance in the reverse direction.

Although in the real world , diodes cannot achieve zero or infinite resistance . Instead ,a diode will have
negligible resistance in one direction (to allow current flow), and a very high resistance in the reverse
direction (to prevent current flow). A diode is effectively like a valve for an electrical circuit.

Semiconductor diodes are the most common type of diode. These diodes begin conducting electricity only
if a certain threshold voltage is present in the forward direction (i.e., the “low resistance” direction).The
diode is said to be “forward biased” when conducting current in this direction. When connected with in a
circuit in the reverse direction (i.e. the “high resistance” direction), the diode is said to be “reverse biased”.
A diode only blocks current in the reverse direction (i.e. when it is reverse biased) while the reverse voltage
is with in a specified range . Above this range , the reverse barrier breaks .The voltage at which this break
down occurs is called the “reverse break down voltage”. When the voltage of the circuit is higher than the
reverse breakdown voltage, the diode is able to conduct electricity in the reverse direction(i.e. the “high
resistance” direction). This is why in practice we say diodes have a high resistance in the reverse direction

— not an infinite resistance.


https://www.electrical4u.com/electric-circuit-or-electrical-network/
https://www.electrical4u.com/theory-of-semiconductor/
https://www.electrical4u.com/diode-working-principle-and-types-of-diode/#types-of-diode
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/what-is-electrical-resistance/
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The junctions are forward biased and reverse biased based on our requirement.
Forward biased is the condition where a positive voltage is applied tothe p-type and
negative voltage is applied to the n-type material. Reverse biased isthe condition
where a positive voltage is applied to the n-type and negative voltage is applied to
the p-type material.

Transistor biasing

The supply of suitable external dc voltage is called as biasing. Either forward or
reverse biasing is done to the emitter and collector junctions of the transistor. These
biasing methods make the transistor circuit to work in four kinds of regions such
as Active region, Saturation region, Cutoff region and Inverse activeregion

seldom used This is understood by having a look at the following table.

EMITTER COLLECTOR REGION OF

JUNCTION JUNCTION OPERATION
Forward biased Forward biased Saturation region
Forward biased Reverse biased Active region
Reverse biased Forward biased Inverse active region
Reverse biased Reverse biased Cutoff region

Among these regions, Inverse active region, which is just the inverse of active
region, is not suitable for any applications and hence not used.

Active region

This is the region in which transistors have many applications. This is also called
as linear region. A transistor while in this region, acts better as an Amplifier.
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In Active region

This region lies between saturation and cutoff. The transistor operates in active
region when the emitter junction is forward biased and collector junction is reverse
biased. In the active state, collector current is  times the base current

Saturation region
This is the region in which transistor tends to behave as a closed switch. The
transistor has the effect of its collector and Emitter being shorted. The collector and

Emitter currents are maximum in this mode of operation.

The figure below shows a transistor working in saturation region.

oC
v IC = IE
Bo Collector
and emitter
are shorted
OoF

In Saturated region



The transistor operates in saturation region when
both the emitter and collector junctions are forward
biased. As it is understood that, in the saturation
region the transistor tends to behave as a closed
switch,

Cutoff region

This is the region in which transistor tends to behave
as an open switch. The transistor has the effect of its
collector and base being opened. The collector,
emitterand base currents are all zero in this mode of
operation.

The following figure shows a transistor working in cutoff region.

€
71C=0

Q

Open between

>
Bo—— emitter and
Ip =0 | collector
VI.=0
S E

E

In Cutoff region

The transistor operates in cutoff region when both the
emitter and collector junctionsare reverse biased. As
in cutoff region, the collector current, emitter current
and basecurrents are nil, we can write as



Civeult 5ambol5 of NPN and PNP:

o :
'
s e »
A 4 3 : 3
C ) L
‘N
i . v o . N ol L %
3 3 : 3

e %
B R
8 ‘#
E
E
NP N transstor P bransistor
- la o NPN transistor electrons - n o PNP tvansistor the ¢lechons

move dvom N vegion 10 Pregron
e fvom Emiltex +0 Base. %o e fyom Base to Emiﬂv‘.{' S0 “k.u:
cwoent  divechion 'S Fvem Base et sn ot cwonenl 1S ToMm Emilles

to Emiten - Avvew indicates lo Base: Avrow inducales he
devection of flow 0} Cuwwent . divection of Flow o} Cwwvnent .

move from N yegion to chqum

L)_]_"la _-l-;_ks Name BQﬁolav —_J:uncl:l' on Tmnsfslorl,
BCFO\DA'- :BiFo[on because in a BIT +the cwuent +ow (5 due to
mmm¢wMUMmemmm@_
_Jandion : Two dunc[:\'om one Fowed otleEthe Hikee Lo.awb
Transistor © Junctlon Ji 16 Fovwond bias - In Eotword Bias jthe
Condudion O cwwent 19 Lujh and ,\csis{lvfla s Vua Low -
i-¢:, Junction Vi 16 Low =¥sistance .
Jandion o 15 Reverse Bias. RGS"‘SiU"‘.k(Y

%N\amlc@?\; Signal 15 iven ot Cnru't the transton o-fmskséom
Siana[ £y o loo  sctisctance 1o h\ah aasistance . Hence Cuuwl

bqnsb{or'
“Tansistor = Transfen x Resictance .

A,ah as 1he c,or\c{‘w‘hﬂ\’a

‘ '5};0( Blasing* . boe
"f"“" ikt - base function Jorwand biaved and  collector
— lhe A g
junction (S5 Acverbe lorabed - ’

. +he +omxuu:| bias on -the emitler

b bobC .
¢ cwwent +leowo 'U'nroudhu‘"{o J collector . ¢

- 7 o Scanned with CamScanner

Scanned with CamScanner

base d\,\nc-lzion an



Scanned with CamScanner

Scanned with CamScanner




Scanned with CamScanner

Scanned with CamScanner




Scanned with CamScanner

Scanned with CamScanner




Relokion bebween Tego and Tees | b
O Cﬂmfx\m‘:i* e?/n @ and @, ‘the nelabion between the

Leake ¢ wutent oL on o} B & CE Drec.

(+ E)Icao+f3;/9 = p,‘[/e + Iceo

; Tceo = (14p) TeBO_
Expression fov Epidter Conneal: The madm-emu of evaither -Cunnenl i
Te-Tc+Ip —-)@ .

substitule Te- (up)Teto tpla ineq ®

Ig:(HP)I(eo—FP‘_[B-P Tg . ﬁ ; \-3:;-
jE:CHP) IcBo+('+P) Ip |+p;' |+ o

| __L_(I ) - \
Te- (1C50) + \=ac B |-l 1% I

Yz - —_—

D cwment Gain (By. ov hre): e~ N
= The de cwvent gain s defined as the volio of the collector
Qworent  Te 4o the” base cowment Tp . :

Pc{c - e

—

X

5 A Te 5 lange arest  with T ceo Ahe Lw\(]g ‘sfanal
cwvtent amﬂ CP) and Ene dG  cwotent Ju‘n “‘Ff> one ator;oy,'ma[z& ul/pL

/T rés O{ Tmn&i&l:of Con-[f wm{\‘onb'.
3 I/\n-\gn o tronsistor 16 to be canncc'l;col in o Ct‘vcu({, one
tominad 6 used as on \-“ru{ tesminal | othen Aowminal s W ed

as  an OUAFLA Lowinal  and  the thivd Lowminal ts woed as o
commen 0 both \h(au{ and oubpat.

%gfmch‘na o \‘r\ju 'au{rul: and common ‘l’,,O\mhq,L
Eransistors con Yoe! classificd oto  thee deHforent er;aum.hﬁ'ﬂb
1. Common Base Contiqunakion (cB)

2. Comnmon Enitlen  Con .'guo\a{lw ¢ <E)

3 Cormon Co\\cceov (Con \‘du)uxh‘m CC()
) A

Scanned with CamScanner

Scanned with CamScanner



1. Common Base Contigurabion:

gwu.nclecl base Com[fauxq{{on .

The diq below Shaws the civewt diogram fov
c\cJLMmen(nJ the &tatic choractowstics cunve of NPN €8 Dansistor -

In 4hs t r‘ ot COn{aumUon the basc 1§ common

.{:0 both the input (Em&hn) Lesminal and _
Oukfu'\ Ccol\ec{ov) —to\minal, Fhis s c.\so_m\\eclas —_—'1[—

@ |

E

E e

e

4-\‘\

. B L ~°F
\}P ’_'_:‘

=

F‘(T Cfffuu'{ {;0 le'[:t)\minc cB S-Lo-{n'c C;\MOC{ULG{'C&.

- To c{c‘t(ﬂm{nc the nput CkMQ('LCM'\Sh‘c\s
0‘{' B CO'TFI(?U)‘C\{"m; the Ou{ru{ Vo{hldt
Nep S kcrﬁ Conbtur\t a[: (30\0 volks .

“The NeB UIP Vol{akzq 5 tnuteased

and the cowwronc‘n Cnrut cuvent Te
5 taken - (7
= “This © hf-f)CalZ(J —ro{ kfdhv\ \Ialuub of
ob\ou,q\ -PW

between {nru{ VOltoac (VeB) ana u\]ou{i
cuwvtent (Te) -

— The ut c\\m\acko\\\s{lhs ane ob Shawn
b the g
— From  the hod 1s clean thot of
\JeB 'S 2 en0 i\c emitien base junclion ©

\lc® omA o cunve VS

’le('“m

%)
25
p2
\\S

\

05

o
N Jeg™®
35 A

Je®

N

T | — B 7 T >
0l g4 03 0% A'S 06 VEBh]

-fca .~ CB input Choractousto
J\‘mx’lm to -fom)cu\ol biabed rn dunchm duode .

Scanned with CamScanner

Scanned with CamScanner



SAaAGEL RS E f et ey % SEEREEERIT T e el e )
“-3 As it 9 fovwand biowed , the emitlon cawment (Te) mc)tjawcb
; nopidl wilh  small fnotease in emitber - base \oltoge VEB .

Ve oonstarl, the widlh ol bewe

3 \ Kep in
—3 Ncg v inowast T (1 . | .
) \ir(\%n deccanes. This  efec e i (noteasce of 1€
left 06 Nep (6 incAcabec-:

colve ghfl towards the

Qutpat Choradeuglics: i
= To detormine the Ow‘:Puf C‘\MQC{«“‘\S-L‘CSI A

the emitter cwment Tg 19 Kcry{, ca'\bkartl- ot
Suibable Nalue LE7 o 'ustonﬁ the cwither-base

a3k \JEB . ‘
-—Q\T‘\QQ‘ECB 5 \'nOLcobeol n Su Lablct\j&ﬁs O:;l A/// o
y s ov &
ond T Ceollector (wwnent) 16 note i »
each walue of Te . ‘i i

Do Thas WS r eated for dMHevent Jixed values

of Te - The cunves af Tc \s\eg one |
Plo'ueé fov conskanl Values ot Tg and Okl'#’ﬂ{ '!\a B ou*fd* chw\ac\udxcs
e honackencstics ane Obbained -

chorackoushios conve & 15 el Scen’ thal Te flows even when

~ PRl A5 the emiken - base juncion 15 orwond. biosed  the
\fCB" l“& i oxs s ey elechrons  fyom the emitber one x‘a‘eattcl into U\:L
e O“{d QMC{U; to (h",()\.na\ Pohn‘l.\'al bo.nmc)\ ot the | neverce b»’aoc,
s . kol they Hlow to the collecbov md.m and (7“0
ColleckorV base v , oo

use 'l'D T oNen when \ch ) Qq/*a
% Eanl Eded 02 %c—u\éﬁ Modulalion:

N‘{_N th Uedo \’O\r{ﬂJe Jee 6 inoreaned the sevense bros inoccases
¢ collector
K eaqvon (de Lebion widih) bebween collectov and base

the Gpace charge xa deowease of  base wsolth .
tends EO fnmcagf, with N Lﬂuh\;\ Co\lc({m {0 —ewndton basc \’qufc

e - width
Wit clecvcobc N t“c.cLWc e e wxch

1] 1 T g o ,‘
%0 | 5 a3 4 5 6. Nee

Thd depende \
(5 an:*ros NE]Eoml E et Thes

has hvee  Conseqrence | | i
(') :;;L (5 less cfrl-:anct +ov ve combinatiot withen the bowe Yca
) - eve W ]

< inovease with tnowast (\eg| .

iy in & sevense bios as a nesult the

s\ ‘
(@) The “hanhe comiow raoeases
ReN OVBC blon wierntased cwvxanc lneyeowed .

Scanned with CamScanner

Scanned with CamScanner



Scanned with CamScanner




Scanned with CamScanner




- ' The 10C(d4AJ\l '5@ |
. ' _&" each Vah_\é OJ Ip.
I — The Walwe of Nge ' foted i e cw\wfal Ip Vs Vee

' sepeaked o hugher Hixed values of Nce e
one dnown - “The a\’nlﬂr\ Chono.du(‘,\ics axe ab Shawn in t@ ;
| donoond biased and

— When Vegoo, the emibhen-base T Y . diode. Hence the
the dltkv\c{im behaves a5 o Horond biased - 3

ir\\)\x\ chw\o.tkmlshcs WCOY Vee =0 1S s\m(lm\ 1o 'U"\CL{TO

dode - s _—rn
—5 When Necg s invweased | the width of the &P\c‘um Kcawn

effective

base

{_ "FO“UMCJ' b'\QASCJ/

ol (netease . Henee

nsed  colleclor - base runckion
s aunsed a o\ccvca.oc n the

\UCA‘U'\ 0“ b(lbc uJ\l\ C\&(‘Yﬁab e - f“’\l\s G
U/VBG

t Te- | Sk
X i o+ IB od that fo .

— Hence 1O et the Same value

. 4he
Should be ineveased - Thevedwe the cwwe Shitks to-the d

pcYeasSes . ,\2‘%
ut CMM \OJ»J"

Oulpud
_3"]5 delernmine +he Otﬂf)\ﬂ: chanadevistics, g V.
the base cwonent $6 KC(’" conskant at ‘ /

O. 50,"(,&0(('_ Vc\\u& ba a@u&‘br\d bub(“cm\"u.t)\ 20

a5

\oltoge Vee -
The Mo tade o colleckor -emitex \lol'lojc a0 A
g i ' (T\inneojccl in Suitable Stcfs \S )
ey : le ctor Tp - 20M
Jov  20r0 ond the Coﬂﬁsrbm{m& colie | (©
chf(?{ 1S noted - “The rlo{ ob ained 1 5 chorid
I as Shown 10 +the '“a 3 el
that |
i d T (HP)IcBo*-FIB H‘Gi Ouk{)cd chanacteistics of ce
ol an (o |-
E (o
P k. \lues of Ne€, due to lea effect o \“‘a orgal  cHange
For lm\ae)* Ny s antoups Large chaige 80 F
. - YC"'l(—C{’(A th & (7
g & 8 .98 «: 0485
For oxample When o =€
: B-0:98 . 4 - p 0085 .
ot |“0'ngobc in P \na oboul 3F7-
: ‘ n o« by 05 nesulks tn tneve
.aé\xd\rl notéose N d
L 7 ‘ o e

Scanned with CamScanner

Scanned with CamScanner



e
“9 chcc “the ow \xl chmaéemls{rc.s ot (€ Cm-fﬁw\o.h‘m Skow o [0_279,
Storc when cu“faﬂtJ welh B Covrjfau)\a{vm. -
- The output c\‘o,\ac{uis{\c\s have thotee %e.an'm.s name

wdDH and  achve neafon.

'—5 ’WY Soxtuuoilon Reauon: 'Tl;w )\eafm 0+ cunves t

called  Salwialion Region. In this hcau'tm both -the
basc CUJU\'U"k

|a éa{MM |

o lefl of Unc oA 1S

dumc fion are

fowond  biased and an incease in the does no

Combe CovvesS D‘ﬂcllﬂd tql e C\'\Qn N} Le . .
K When  Sufficent  Revense bm(z: voltage o nst given to col Ve then
B il e, w08 NS At poit bt

the juncions axe  Fonwand Brosed ¢ i Salwabeor

Segion and  behaves as ON Swich .
X ‘a—m robio ol Neecsal) Lo Tc tn 4his vcal‘m is called sodnation
nesstance -

- AE,{E);YC elon s The central Ycafor\ whate the cunves ane uniform i
5f>accn3 and slolpc 16 called active vegu‘on. In this vegion the

emitlern - base .gnclion 1 Joward  biased ond the colledor - base d‘unchm—
J the ’cvuns(s{cw has 40 be wsed R QS o

15 Nevesse b\abccl,. u . e
line an am’pld\'m, a Skou\cl be Orv\a{ecl n ~the ac{l\lc eﬁlm-

: whorm ta 6
— Culoff E 3\011‘. yeqlon below the e o U
3 3 TV\C _a\hb yealon W \DO’UW 'U'\e CL-'OCLE\S QX e Hevowe
C&\,\QA CU-)C - o«H \'Q@lm 2 \n d

. : the  bronsistor efed en

biased - When ~the Of"‘“{'”d Pmn\*{? J e -—mcé{mn\,&m i

the LU:\\:O‘H *\ca\‘m ) 'U‘tc l\:"qg:‘:{ﬁ collector and emitter -

5 Nivkoua o OPLPARE S

S When Suﬂfu'ert:c 40»:.»0)&(1 bias \’0\{0,6 Vge not aiYC!\
ko base _emitten runclion  then the Ltk istov antlion 1S
similax W Acvede bias. e, at tho PO""'\? when \IBE 15
less thon FH VO\ECLJQ bothe  the ()‘uhctons axe in KRB @

baﬂb\'&'kbv wotksS as an

fransictor Tagmelers:
’WVW
“The 6ln") ¢

-fw Ly ansis dov ameteRs'
they oute cmmnor\\a Knewn b ¢

) o mt"—u .

S' \l‘t'; o

and -the transistor

ofF 5u>{hk.

O" *U'\c CE Ckmc\m&l‘(} w;u aiVQ "U‘\e {O‘lmy
Sine These omdeow have Adflenert imension

oynmaon emitlen kdbn‘c‘ Polume{w or

Scanned with CamScanner

Scanned with CamScanner



Scanned with CamScanner

Scanned with CamScanner




Scanned with CamScanner

Scanned with CamScanner




Scanned with CamScanner

Scanned with CamScanner




Scanned with CamScanner

Scanned with CamScanner




Common Emitter Amplifier Circuit Working & Its

Characteristics

There are different types of transistor amplifiers operated by using an AC signal input.
This is interchanged between the positive value and negative value, hence this is the one
way of presenting the common emitter amplifier circuit to function between two peak
values. This process is known as the biasing amplifier and it is an important amplifier
design to establish the exact operating point of a transistor amplifier which is ready to
receive the signals hence it can reduce any distortion to the output signal. In this article,
we will discuss common emitter amplifier analysis.

What is an Amplifier?

The Amplifier is an electronic circuit that is used to increase the strength of a weak input
signal in terms of voltage, current, or power. The process of increasing the strength of a
weak signal is known as Amplification. One most important constraint during the
amplification is that only the magnitude of the signal should increase and there should
be no changes in the original signal shape. The transistor (BJT, FET) is a major
component in an amplifier system. When a transistor is used as an amplifier, the first
step is to choose an appropriate configuration, in which the device is to be used. Then,
the transistor should be biased to get the desired Q-point. The signal is applied to the
amplifier input and output gain is achieved.

What is a Common Emitter Amplifier?

The common emitter amplifier is a three basic single-stage bipolar junction transistor and

is used as a voltage amplifier. The input of this amplifier is taken from the base terminal,
the output is collected from the collector terminal and the emitter terminal is common for
both the terminals. The basic symbol of the common emitter amplifier is shown below.

/A

Common Emitter Amplifier
Common Emitter Amplifier Configuration

In electronic circuit design, there are three kinds of transistor configurations are used
like common emitter, common base, and common collector, In that, the most frequently
used one is common emitter due to its main attributes.

This kind of amplifier includes the signal which is given to the base terminal then the
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output is received from the collector terminal of the circuit. But, as the name suggests,
the main attribute of the emitter circuit is familiar for both the input as well as output.

The configuration of a common emitter transistor is widely used in most electronic
circuit designs. This configuration is evenly appropriate to both the transistors like PNP
and NPN transistors but NPN transistors are most frequently used due to the widespread
use of these transistors.

In Common Emitter Amplifier Configuration, the Emitter of a BJT is common to both the
input and output signal as shown below. The arrangement is the same for a PNP transistor,
but bias will be opposite w.r.t NPN transistor.

0 A e

0

CE Amplifier Configurations
Operation of Common Emitter Amplifier

When a signal is applied across the emitter-base junction, the forward bias across this
junction increases during the upper half cycle. This leads to an increase in the flow of
electrons from the emitter to a collector through the base, hence increases the collector
current. The increasing collector current makes more voltage drops across the collector
load resistor RC.

Operation of CE Amplifier
The negative half cycle decreases the forward bias voltage across the emitter-base
junction. The decreasing collector-base voltage decreases the collector current in the
whole collector resistor Rc. Thus, the amplified load resistor appears across the collector
resistor. The common emitter amplifier circuit is shown above.

From the voltage waveforms for the CE circuit shown in Fig. (b), It is seen that there is a
180-degree phase shift between the input and output waveforms.

Working of Common Emitter Amplifier

The below circuit diagram shows the working of the common emitter amplifier circuit
and_it consists of voltage divider biasing, used to supply the base bias voltage as per the
necessity. The voltage divider biasing has a potential divider with two resistors are
connected in a way that the midpoint is used for supplying base bias voltage.
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Common Emitter Amplifier Circuit

There are different types of electronic components in the common emitter amplifier which
are R1 resistor is used for the forward bias, the R2 resistor is used for the development of
bias, the RL resistor is used at the output it is called the load resistance. The RE resistor
is used for thermal stability. The C1 capacitor is used to separate the AC signals from the
DC biasing voltage and the capacitor is known as the coupling capacitor.

The figure shows that the bias vs gain common emitter amplifier transistor characteristics
if the R2 resistor increases then there is an increase in the forward bias and R1 & bias are
inversely proportional to each other. The alternating current is applied to the base of the
transistor of the common emitter amplifier circuit then there is a flow of small base
current. Hence there is a large amount of current flow through the collector with the help
of the RC resistance. The voltage near the resistance RC will change because the value is
very high and the values are from 4 to 10kohm. Hence there is a huge amount of current
present in the collector circuit which amplified from the weak signal, therefore common
emitter transistors work as an amplifier circuit.

Voltage Gain of Common Emitter Amplifier

The current gain of the common emitter amplifier is defined as the ratio of change in
collector current to the change in base current. The voltage gain is defined as the product
of the current gain and the ratio of the output resistance of the collector to the input
resistance of the base circuits. The following equations show the mathematical expression
of the voltage gain and the current gain.

B = Alc/ Alb
Av = Rc/Rb
Circuit Elements and their Functions

The common emitter amplifier circuit elements and their functions are discussed below.

Biasing Circuit/ Voltage Divider

The resistances R1, R2, and RE used to form the voltage biasing and stabilization circuit.
The biasing circuit needs to establish a proper operating Q-point otherwise, a part of the
negative half cycle of the signal may be cut-off in the output.

Input Capacitor (C1)

The capacitor C1 is used to couple the signal to the base terminal of the BJT. If it is not
there, the signal source resistance, Rs will come across R2, and hence, it will change the
bias. C1 allows only the AC signal to flow but isolates the signal source from R2
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Emitter Bypass Capacitor (CE)

An Emitter bypass capacitor CE is used parallel with RE to provide a low reactance path
to the amplified AC signal. If it is not used, then the amplified AC signal following
through RE will cause a voltage drop across it, thereby dropping the output voltage.

Coupling Capacitor (C2)
The coupling capacitor C2 couples one stage of amplification to the next stage. This
technique used to isolate the DC bias settings of the two coupled circuits.

CE Amplifier Frequency Response

The voltage gain of a CE amplifier varies with signal frequency. It is because the reactance
of the capacitors in the circuit changes with signal frequency and hence affects the output
voltage. The curve drawn between voltage gain and the signal frequency of an amplifier
is known as frequency response. The below figure shows the frequency response of a
typical CE amplifier.
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Frequency Response
From the above graph, we observe that the voltage gain drops off at low (< FL) and high
(> FH) frequencies, whereas it is constant over the mid-frequency range (FL to FH).

At Low Frequencies (< FL) The reactance of coupling capacitor C2 is relatively high
and hence very small part of the signal will pass from the amplifier stage to the load.
Moreover, CE cannot shunt the RE effectively because of its large reactance at low
frequencies. These two factors cause a drops off of voltage gain at low frequencies.

At High Frequencies (> FH) The reactance of coupling capacitor C2 is very small and it
behaves as a short circuit. This increases the loading effect of the amplifier stage and
serves to reduce the voltage gain.

Moreover, at high frequencies, the capacitive reactance of base-emitters junction is low
which increases the base current. This frequency reduces the current amplification factor
B. Due to these two reasons, the voltage gain drops off at a high frequency.

At Mid Frequencies (FL to FH) The voltage gain of the amplifier is constant. The effect
of the coupling capacitor C2 in this frequency range is such as to maintain a constant
voltage gain. Thus, as the frequency increases in this range, the reactance of CC decreases,
which tends to increase the gain.

However, at the same time, lower reactance means higher almost cancel each other,
resulting in a uniform fair at mid-frequency.

We can observe the frequency response of any amplifier circuit is the difference in its



performance through changes within the input signal’s frequency because it shows the
frequency bands where the output remains fairly stable. The circuit bandwidth can be
defined as the frequency range either small or big among fH & fL.

So from this, we can decide the voltage gain for any sinusoidal input in a given range of
frequency. The frequency response of a logarithmic presentation is the Bode diagram.
Most of the audio amplifiers have a flat frequency response that ranges from 20 Hz — 20
kHz. For an audio amplifier, the frequency range is known as Bandwidth.

Frequency points like fL & fH are related to the lower corner & the upper corner of the
amplifier which are the gain falls of the circuits at high as well as low frequencies.
These frequency points are also known as decibel points. So the BW can be defined as

BW =fH - fL
The dB (decibel) is 1/10th of a B (bel), is a familiar non-linear unit to measure gain & is
defined like 20log10(A). Here ‘A’ is the decimal gain which is plotted over the y-axis.

The maximum output can be obtained through the zero decibels which communicate
toward a magnitude function of unity otherwise it occurs once Vout = Vin when there is
no reduction at this frequency level, so

VOUT/VIN = 1, so 20log(1) = 0dB
We can notice from the above graph, the output at the two cut-off frequency points will
decrease from 0dB to -3dB & continues to drop at a fixed rate. This reduction within
gain is known commonly as the roll-off section of the frequency response curve. In all
basic filter and amplifier circuits, this roll-off rate can be defined as 20dB/decade, which
is equal to a 6dB/octave rate. So, the order of the circuit is multiplied with these values.

These -3dB cut-off frequency points will describe the frequency where the o/p gain can
be decreased to 70 % of its utmost value. After that, we can properly say that the
frequency point is also the frequency at which the gain of

Single Stage Common Emitter Amplifier

The single-stage common emitter amplifier is shown below and different circuit
elements with their functions are described below.

Biasing Circuit
The circuits like biasing as well as stabilization can be formed with resistances like R1,
R2 & RE

Input Capacitance (Cin)
The input capacitance can be denoted with ‘Cin’ which is used to combine the signal
toward the base terminal of the transistor.

If this capacitance is not used, then the resistance of the signal source will approach
across the resistor ‘R2’ to alter the bias. This capacitor will allow simply AC signal to

supply.

Emitter Bypass Capacitor (CE)



The connection of the emitter bypass capacitor can be done in parallel to RE to give a
low reactance lane toward the amplified AC signal. If it is not utilized, then the
amplified AC signal will flow throughout RE to cause a voltage drop across it, so the o/p
voltage can be shifted.

Coupling Capacitor (C)
This coupling capacitor is mainly used to combine the amplified signal toward the o/p
device so that it will allow simply AC signal to supply.

Working

Once a weak input AC signal is given toward the base terminal of the transistor, then a
small amount of base current will supply, because of this transistor act, high AC. current
will flow throughout collector load (RC), so high voltage can come into view across the
collector load as well as the output. Thus, a feeble signal is applied toward the base
terminal which appears in the amplified form within the collector circuit. The
amplifier’s voltage gain like Av is the relation between the amplified input and output
voltages.

Frequency Response & Bandwidth

The amplifier’s voltage gain like Av for several input frequencies can be concluded. Its
characteristics can be drawn on both the axis like a frequency on X-axis whereas voltage
gain is on Y-axis. The graph of frequency response can be attained which is shown in
the characteristics. So we can observe that the gain of this amplifier can be decreased at
very high and low frequencies, however, it stays stable over an extensive range of mid-
frequency area.

The fL or low cut off frequency can be defined as when the frequency is below 1. The
range of frequency can be decided at which the amplifier gain is double the gain of mid-
frequency.

The fL(upper cut off frequency) can be defined as when the frequency is in the high
range at which the amplifier’s gain is 1/Y2 times the gain of mid-frequency.

Bandwidth can be defined as the interval of frequency among low-cut off & upper cut-
off frequencies.

BW =fU-fL
Advantages

The advantages of a common emitter amplifier include the following.

e The common emitter amplifier has a low input impedance and it is an inverting
amplifier
e The output impedance of this amplifier is high
o Thisamplifier has the highest power gain when combined with medium voltage
and current gain
e The current gain of the common emitter amplifier is high
Disadvantages

The disadvantages of a common emitter amplifier include the following.



 In the high frequencies, the common emitter amplifier does not respond
« The voltage gain of this amplifier is unstable
« The output resistance is very high in these amplifiers
o Inthese amplifiers, there is a high thermal instability
« High output resistance
Applications

The applications of a common emitter amplifier include the following.

e The common emitter amplifiers are used in the low-frequency voltage
amplifiers.

o These amplifiers are used typically in the RF circuits.

o Ingeneral, the amplifiers are used in the Low noise amplifiers

e The common emitter circuit is popular because it’s well-suited for voltage
amplification, especially at low frequencies.

o Common-emitter amplifiers are also used in radio frequency transceiver
circuits.

o Common emitter configuration commonly used in low-noise amplifiers.









What is Regulated Power Supply?

An electronic circuit that produces a stable DC voltage of fixed value across the load terminals
irrespective of changes in the load is known as regulated power supply. Thus, the primary
function of a regulated power supply is to convert an AC power into a steady DC power. The
regulated power supply is sometimes also called as a linear power supply.

The regulated power supply ensures that the output power at the load terminals should remain
constant even if the input power varies. The regulated power supply receives an AC power as
input and generates a constant DC power as output. A regulated power supply is basically an
embedded circuit consisting of various blocks.



Block Diagram and Operation of Regulated Power Supply

The block diagram of a typical regulated power supply is shown in Figure-1.
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Figure 1 - Block Diagram of Regulated Power Sypply
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The regulated power supply consists of the following four major parts —

e Step-down transformer
e Rectifier circuit

o DC filter circuit

« Voltage regulator

Now, let us discuss the operation of each block of the regulated power supply one by one.

Function of Step-Down Transformer

The step-down transformer used in the circuit of the regulated power supply changes the input
AC voltage to the desired lower voltage value. Also, this transformer provides an electrical



isolation between two circuits. The reduced output AC voltage of the step-down transformer is
used as the input to the rectifier circuit.

Function of Rectifier Circuit

The rectifier circuit is used to convert the input AC voltage into a DC voltage. It consists of
diodes that perform the rectification process, i.e. conversion of the AC voltage into the DC
voltage. However, the output of the rectifier is a pulsating direct voltage. In practice, a full
wave rectifier is used for the rectification due to its technical advantages. This full wave
rectifier can be a center-tapped full-wave rectifier or a bridge rectifier. The full wave rectifier
converts both positive and negative cycles of AC voltage into DC voltage.

Function of Filter Circuit

Since the output of the rectifier is a pulsating direct voltage which has very high ripple content.
Hence, the raw output of the rectifier is undesirable. In order to get a pure ripple free direct
voltage, a DC filter circuit is used. We have different types of filter circuits such as capacitor
filter choke input filter, n-filter, and LC filter. Therefore, the filter circuit converts the pulsating
direct voltage into the constant direct voltage having almost zero ripple content.

Voltage Regulator

The voltage regulator constitutes the last block of the regulated power supply. It monitors and
corrects the fluctuations in the output voltage of the power supply. The output voltage may
change or fluctuate due to any change in the input AC voltage or the change in the load or
change in any physical parameters such as temperature of the circuit. Thus, the voltage
regulator takes care of this problem. The voltage regulator maintains the DC voltage constant
at the output terminals.

A zener diode operated in zener region, a transistor series regulator, fixed and variable 1C
regulators are commonly used in different regulated power supplies as the voltage regulator.

Features of Regulated Power Supply
Following are the main features of the regulated power supply —

o The regulated power supplies have the efficiency ranging from 20% to 25%.
« Regulated power supplies are relatively more reliable.

e Regulated power supplies have less complex circuit and less weight.

o Regulated power supplies give faster response.

e The cost and noise level of the regulated power supplies is low.



Applications of Regulated Power Supplies

As discussed earlier, the regulated power supplies are the embedded circuits that convert an
unregulated AC power supply into a steady DC power supply which is the basic requirement
of several electronic circuits. Hence, the regulated power supplies are extensively used in
several applications such as —

« Mobile charging circuits

e Testing circuits

« Bench power supplies

o Oscillators and amplifiers

« Electronic computers

« Automatic control systems, etc.



Full wave bridge rectifier

The bridge rectifier is made up of four diodes namely D1, D, D3, D4 and load resistor Ry. The four diodes
are connected m a closed loop (Bridge) configuration to efficiently convert the Alternating Current (AC)
mto Direct Current (DC). The main advantage of this bridge circuit configuration is that we do not require

an expensive center tapped transformer, thereby reducing its cost and size.

A
w:

DC outout

AN

Figure 1.24:Circuit diagram of full wave bridge rectifier




The mput AC signal is applied across two terminals A and B and the output DC signal is obtained across the

load resistor Ry which is connected between the terminals C and D.

During the positive half cycle, the terminal A becomes positive while the terminal B becomes negative. This
causes the diodes D; and Ds forward biased and at the same time, it causes the diodes D, and D4 reverse
biased. The current flow direction during the positive half cycle is shown in the figure A (I.e. Ato D to C to

B).
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Figure 1.25:During positive half cycle- full wave bridge rectifier
During the negative half cycle, the terminal B becomes positive while the terminal A becomes negative.
This causes the diodes D> and D4 forward biased and at the same time, it causes the diodes D; and
D3 reverse biased.The current flow direction during negative half cycle is shown in the figure B (I.e. B to D

to C to A).
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Figure 1.26:During negative half cycle- full wave bridge rectifier




The output waveforms of the bridge rectifier is shown in the below figure.
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Figure 1.27:Input and Output waveforms of full wave bridge rectifier

Advantages and disadvantages of bridge rectifier

The following are advantages
1.  No centre tap is needed in the transformer secondary.
Z. The output is twice that of the centre tap circuit for the same secondary voltage.
3 The peak inverse voltage is one half that of the centre tap circuit.
The following are disadvantages

1. It requires four diodes.

2. As during each half cycle of a.c mput two diodes that conduct are in series, therefore voltage drop in

the internal resistance of the rectifying unit will be twice. This is objectionable when secondary voltage is

small.




Working of Zener Diode as a VVoltage Requlator

The capacity of a Zener diode to keep a constant voltage regardless of changes in source or load current is
critical in this application. A voltage regulation device’s general role is to give a constant output voltage to a
load connected in parallel to it, regardless of variations in the load’s energy drawn (Load current) or
fluctuations and instability in the supply voltage. If the current remains within the limit of the min and max
reverse currents, the Zener diode will produce a constant voltage.

To restrict the current that flows through the Zener diode, a resistor RsRs is connected in series with the diode,
and also the input voltage VinVinis connected across as shown in the image, and the output
voltage VoutVout is chosen to take across the Zener diode with Vout=VzVout=Vz. Because the reverse bias
features of the Zener diode are required to control the voltage, it is wired in reverse bias mode, and with a
cathode linked to the circuit’s positive rail.

Whenever the load is connected, a small valued resistor would result in a big diode current and electricity,
which would raise the power dissipation need of the diode, which could exceed the Zener’s maximum power
rating and harm it.

The value of the resistor can be determined by the formula
RS=(Vin—-V2)lz
Where, RS is the value of series resistance and Vin is the input voltage and Vz is Zener voltage.

Using this method, it is simple to assure that the resistor value chosen does not result in a current flow greater
than the Zener can tolerate.
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One minor issue with Zener diode-based regulatory circuits is that although attempting to moderate the input
voltage, the Zener might generate electrical noise just on the supply rail. Although it may not be a problem in
most cases, a big value decoupling capacitor placed across the diode may address the problem. This helps to
keep the Zener’s output stable.

Block diagram of Public Address system

e A "Public Address" system is anything that amplifies sound so more people can hear it.
e Asimple public address system (or PA system) is shown in the following block diagram.

Microphone | Pre-Amplifier— Power Amp —|Loudspeakers

Stage 1 Stage 2 Stage 3 Stage 4
Stage 1: Microphone (Transducer)
v The microphone converts sound waves into electrical signals that can be processed by the rest of the
system.
v" Itis important that the microphone creates a faithful reproduction of the sound wave as an electrical
signal.
Stage 2: Pre-Amplifier
v It is basically a voltage amplifier.
v Its purpose is to take the small electrical signals from the microphone and increase the amplitude of
the signal voltage.
Stage 3: Power Amplifier
v' The power amplifier takes this enlarged voltage signal, and boosts the current so that it is strong
enough to drive the, loudspeaker.
Stage 4: Loud Speaker
v' The loudspeaker is the final part of the system where the electrical signal is transformed back into a
sound wave.



e |f the system has carried out its function correctly, the emerging sound wave will be an undistorted but
amplified version of the original.

e A more sophisticated PA system would allow a number of inputs to be connected

e Foreg., a band would have several microphone inputs and guitar pick-up inputs. These inputs would need
to be faded in or out individually.

e Consider the following block diagram

Microphone |, | Pre-amplifier

Mixer Power Amp Loudspeaker

Y
Y

Music I

Source

It can be noticed that there are two additions to the simple PA system. The first is a music source and the
second is a mixer.

Mixer: Its function is to add together electrical signals from microphones or pick-ups from electric guitars
or sound tracks from a CD player.

Most music sources produce’a much larger signal than a microphone and do not need a pre-amplifier.

In a real system, each microphone would have its own pre-amplifier.

Clipping: If we try to amplify the signal too much the system will not be able to provide the voltage required.
This results in distortion of the output signal, called clipping distortion.



Public Address System or PA system Explained with Diagram

A public Address System or PA system is an electronic system that includes acoustic signal
converting, mixing, amplifying, and playing. A PA system has microphones, amplifiers, and
loudspeakers as its main components or equipment. We know that the intensity of the sound
decreases with the distance. Also, a particular sound can be affected or distorted by the other sound
if the level or volume of the sound is the same. So, if we want to deliver sound energyover a
long distance or highlight a particular sound or voice in a large crowd or gathering then we need
a PA system. Because the PA systems provide the amplification of the sound for comfortable
listening.

The range of amplification is required for the sound is to be delivered to the distance, size of the
gathering or gathering, etc. Sound quality is also a very important factor with amplification because
it improves the listening experience. The PA system helps to amplify as well as record the voice
of any human being or the sound of any musical instrument. Also, it helps to communicate between
a group.

Basic Block Diagram of PA System

Here, you can see the public address system block diagram and its important blocks.

P— 5 1
Microphone 1 * Speaker 1
Microphone 2 Mixer Ampllfler Speaker 2
Microphone 3 Speaker 3

Public Address System or PA System Block Diagram



Components of a PA System

There are so many devices or components are used in PA system that depends upon their
applications and other factors. But the main three components of any public address system are
explained below.

1. Microphone

The microphone is a very important part or component of a PA system. The microphonebasically
is a transducer that converts acoustic energy or sound energy into electrical energy. It continuously
generates the pulsating electrical voltage according to the frequency of the sound energy applied
to it. Various types of microphones are used in the PA system. The main basic two types of
microphones are,

1. Handheld Microphone

2. Lapel Microphone

Other different types of microphones are,
. Wired Microphone
. Wireless Microphone

A wired microphone can be connected by a wire to the mixer or amplifier. It is very simple. But
the wireless microphone needs a battery and the frequency of its signal is also a very important
factor. The wireless microphone cannot be connected directly to the mixer or amplifier. A receiver
is required that can receive the signals sent by the microphone. This receiver is to be connected to
the amplifier.
2. Amplifier

The amplifier is the second part of a PA system. The main function of the amplifier is to amplify
or increase the volume level of the audio signal that can drive a loudspeaker. The requirement or
size of the amplifier depends upon the number and size of the loudspeaker. If the size of the
loudspeaker is very large or so many loudspeakers are to be connected then a very powerful
amplifier is required. The output of the amplifier is measured in watts or kilowatts.

3. LoudSpeaker

Loudspeakers play a very important role in the PA system. It converts electrical energy into
acoustic energy or sound energy. The loudspeakers are generally connected to the amplifier and



it generates sound according to the audio signal provided by the amplifier. There are different
types of loudspeakers are available according to their operating frequency.
1. Woofer - it operates at the lowest frequency audio signal such as Bass

1. Subwoofer - it also operates with low frequency but more than the woofer such as
bass and deep vocals

2. Squawker - it operates with medium-frequency audio signals such as vocals
3. Tweeter - it operates with high-frequency audio signals such as tone
4. Mixer

A mixer is not a necessary part of a PA system. But if there are multiple audio sources or
multiple microphones used in the PA system then a mixer is must required. The mixer is an
electronic device that can control multiple sound sources simultaneously. It can mix all the sound
sources together and play with a single loudspeaker with the help of an amplifier. So the mixer is
generally connected before the amplifier. Nowadays, there are so many amplifiers are available
in the market that already have an inbuilt mixer. So there is no need for an external additional
mixer. All the microphones or sound sources can be connected directly to the amplifier.



(Extra information about Electronic Instrumentation System For your understanding)

PA System Wiring and Connection Diagram

Here, you can see a basic wiring diagram of public address system. This will help you understand
how microphones, mixers, amplifiers, and speakers are connected together.

Microphone Microphone

Speaker

3.5mm jack
to music player

INPUTS OUTPUTS

Speaker

Amplifier

Mixer

Public Address System or PA System Wiring and Connection diagram

Here, you can see, that multiple audio or sound sources such as microphones and music players
are connected to the mixer. Then the mixer output is connected to the amplifier input. And the
amplifier output is connected to the speaker.



Important Factors in a Public Address System

Acoustic Feedback

When the microphone picks up sound from the speaker and re-amplifies and sends it again to the
speaker then it is called Acoustic feedback. The objective of any PA system should be to minimize
as much as possible. It distorts the actual sound and creates a bad experience of listening. It

generally happens more when the volume of the system is turned up to the highest level.

This can be reduced by the different procedures,

. by keeping microphones at a distance from the speaker

. changing the direction of the microphone from the point towards the speaker

. lowering the gain level of the feedback sound

. using some devices like notch filter, graphic equalizer, parametric equalizer, etc

Cables and Wires

The size and quality of cables used in the PA system is a very important factor. Using the proper
size and good quality cables and wire improves the sound quality very much.

Types of PA System

The PA system can be classified such as,
. Personal PA System

. Medium Size PA System

. Large Size PA System

. Portable PA System

Applications and Uses of PA System
1. The PA system is used in group meetings, presentations, concerts, theaters, large halls, etc.

2. PA systems are also used in sports, stadiums, travel systems, security systems, conference
systems, etc.



Block diagram of Instrumentation system

Instrumentation system is branch of engineering which deals with various types of instrument to
record, monitor, indicate and control various physical parameters such as pressure, temperature,
etc.

Quantity to be

measured
l Primary Variable Variable Data Data
——3|  sensing —3| conversion =PI manipulation [~ transmission [=P=| presentation
element element element element or controlling

Block diagram of instrumentation system

The block diagram shown above is of basic instrumentation system. It consist of primary sensing
element, variable manipulation element, data transmission element and data presentation element.

Primary sensing element

The primary sensing element is also known as sensor. Basically transducers are used as a primary
sensing element. Here, the physical quantity (such as temperature, pressure etc.) are sensed and
then converted into analogues signal.

Variable conversion element

It converts the output of primary sensing element into suitable form without changing information.
Basically these are secondary transducers.

Variable manipulation element

The output of transducer may be electrical signal i.e. voltage, current or other electrical parameter.
Here, manipulation means change in numerical value of signal. This element is usedto convert
the signal into suitable range.

Data transmission element

Sometimes it is not possible to give direct read out of the quality at a particular place (Example —
Measurement of temperature in the furnace). In such a case, the data should transfer from one



place to another place through channel which is known as data transmission element. Typically
transmission path are pneumatic pipe, electrical cable and radio links. When radio link is used, the
electronic instrumentation system is called as telemetry system.

Data presentation or controlling element

Finally the output is recorded or given to the controller to perform action. It performs different
functions like indicating, recording or controlling.



(Extra information about Electronic Instrumentation System For your understanding)
Electronic Instrumentation System

Fig shows block diagram of generalized electronics instrumentation system, in which number of
element worked together to perform a desired function accurately i.e. to measure the measurand
quantity and display it or record it.
We will discuss the different element separately so it is easy for us to understand the system in
detail.
Measurand (physical quantity or electrical quantity) :
The physical or electrical quantity which is to be measurand is called as measurand. If the input to
the instrumentation is parameter like pressure, force, level, strain, displacement, temperature, flow,
velocity etc. then these parameters is physical measurand. These measurand are applied to the
transducer element.
If the input is current, voltage and frequency then these parameter are called electrical measurand.
These measurand are applied to the electrical conversion element.

=

Physical Quantity
fheasurand I Transducer
Signal processing
OR Data Data

Recorder
signal conditioning _' transmission _. presentation _.—"

unit element element

Electrical

Electrical Quantity
I b conversion

(heasurand)
Element T T _.
F"
Power supaly

BLOCK DIAGRAM OF GENERALIZED ELECTRONIC INSTRUMENTATION SYSTEM

Transducer and electrical conversion elements:

If the measurand is physical quantity then it is converted into equivalent electrical signal with help
of element which is called transducer. Transducer is a device which convert one form of energy
into another. (phiysical to electrical).

Most of the transducer is primary sensors which sense the measurand then convert it intoelectrical
signal with the help of conversion element.

If the measured is already electrical signal like voltage, current or frequency then it is give to the
electrical conversion element which convert the signal into more suitable form of signals such as
4-20mA, 1-5VDC, 1-10VDC etc.
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Signal processing or signal conditioning:

The output from the transducer elements is given to the signal processing or signal conditioning
elements. Sigmal conditioning is a process to modify the output of transducer so that it can be
mesurand, controlled and acceptable by next stages.

In electronic instrumentation system, filter, modulator, A/D converters, D/A converter, amplifiers,
integrators, differentiators are the important signal conditioning circuits.
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o This stage is required to convert the transducer output into an electrical quantity suitable for proper
operation of the last stage or indicator.

Data transmission element:

« If the sensing element and data presentation element of the instrumentation system are awayfrom
each other (physically separated) in that case data transmission element is very important .

o This element provides a transmission path for the modified signals to travel from transducer element
to the rest of instrumentation elements like recorders, controllers, displays etc.

o In electronic instrumentation system, typically the transmission path is a conducting lines (i.e.
electrical cables). In electronic instrumentation system some time radio link is used as a transmission path
them the system is called telemetry system.

o This element transmits the data to the remote located control room.

Data presentation element:

o The signal from the data lines are provided to the data presentation element. This element converts the
signal into such from that it can be presented by some visual or audible means.

« Function performed by this stage may be demodulation, amplification, filtering, A/D conversion etc.
« This element modifies the signals in such a way that the signals are accepted by recorders, displays,
indicators, printers, announcing systems etc. The output of the data presentation element is provided to
the recorders, controllers, and indicators as per the requirement of the useror operator or observer.
Output devices:

o The last stage of instrumentation system is required to provide the information about the measurand
for immediate reorganization by the operator whatever output is presented on indicator.

o Forexample, if the system is simple instrumentation with display then measured parameter is displayed
directly on the display. If it is required to produce alarm for the over range then indicator or buzzer is
used. If the recorder like strip-chart or X-Y recorder etc. To record the data.

« If the system is control system in that case the measured data not only displayed or recorded but also
compared with some reference value and control action is generated which is used toremove the
error.

Power supply:

e This is a common unit for all instrumentation system. This provides power to all elements
working in the instrumentation setup.

« If the transducer is active transducer (self-generating), in that case power supply is not required.For
example if that transducer is thermocouple or piezoelectric crystal.

o For passive transducer power supply is required, for example if the transducer is thermistor orRTD,
in that case power supply is important to the transducer block.



The resistance-capacitance coupling is, in short termed as RC coupling. This is
the mostly used coupling technique in amplifiers.

Construction of a Two-stage RC Coupled Amplifier

The constructional details of a two-stage RC coupled transistor amplifier circuit
are as follows. The two stage amplifier circuit has two transistors, connected in
CE configuration and a common power supply V. is used. The potential divider
network R; and R, and the resistor R, form the biasing and stabilization
network. The emitter by-pass capacitor C, offers a low reactance path to the
signal.

The resistor R, is used as a load impedance. The input capacitor C,, present at
the initial stage of the amplifier couples AC signal to the base of the transistor.
The capacitor C. is the coupling capacitor that connects two stages and prevents
DC interference between the stages and controls the shift of operating point.
The figure below shows the circuit diagram of RC coupled amplifier.
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Operation of RC Coupled Amplifier

When an AC input signal is applied to the base of first transistor, it gets
amplified and appears at the collector load R, which is then passed through the
coupling capacitor C. to the next stage. This becomes the input of the next
stage, whose amplified output again appears across its collector load. Thus the
signal is amplified in stage by stage action.



The important point that has to be noted here is that the total gain is less than
the product of the gains of individual stages. This is because when a second
stage is made to follow the first stage, the effective load resistance of the
first stage is reduced due to the shunting effect of the input resistance of the
second stage. Hence, in a multistage amplifier, only the gain of the last stage
remains unchanged.

As we consider a two stage amplifier here, the output phase is same as input.
Because the phase reversal is done two times by the two stage CE configured
amplifier circuit.

Frequency Response of RC Coupled Amplifier

Frequency response curve is a graph that indicates the relationship between
voltage gain and function of frequency. The frequency response of a RC coupled
amplifier is as shown in the following graph.

Low frequency .
Roll off High frequency

. Roll off

\ «—— Flat response —» /

Voltage gain (dB) ———»

*— Band width ——»

: : —
50Hz 20KHz ~ "requency ()

From the above graph, it is understood that the frequency rolls off or decreases
for the frequencies below 50Hz and for the frequencies above 20 KHz. whereas
the voltage gain for the range of frequencies between 50Hz and 20 KHz is
constant.

We know that,

XC=12mfc



It means that the capacitive reactance is inversely proportional to the
frequency.

At Low frequencies (i.e. below 50 Hz)

The capacitive reactance is inversely proportional to the frequency. At low
frequencies, the reactance is quite high. The reactance of input capacitor C,, and
the coupling capacitor C. are so high that only small part of the input signal is
allowed. The reactance of the emitter by pass capacitor C; is also very high
during low frequencies. Hence it cannot shunt the emitter resistance effectively.
With all these factors, the voltage gain rolls off at low frequencies.

At High frequencies (i.e. above 20 KHz)

Again considering the same point, we know that the capacitive reactance is low
at high frequencies. So, a capacitor behaves as a short circuit, at high
frequencies. As a result of this, the loading effect of the next stage increases,
which reduces the voltage gain. Along with this, as the capacitance of emitter
diode decreases, it increases the base current of the transistor due to which the
current gain (B) reduces. Hence the voltage gain rolls off at high frequencies.

At Mid-frequencies (i.e. 50 Hz to 20 KHz)

The voltage gain of the capacitors is maintained constant in this range of
frequencies, as shown in figure. If the frequency increases, the reactance of the
capacitor C. decreases which tends to increase the gain. But this lower
capacitance reactive increases the loading effect of the next stage by which
there is a reduction in gain.

Due to these two factors, the gain is maintained constant.

Advantages of RC Coupled Amplifier
The following are the advantages of RC coupled amplifier.

The frequency response of RC amplifier provides constant gain over a
wide frequency range, hence most suitable for audio applications.



The circuit is simple and has lower cost because it employs resistors and
capacitors which are cheap.
It becomes more compact with the upgrading technology.

Disadvantages of RC Coupled Amplifier
The following are the disadvantages of RC coupled amplifier.

The voltage and power gain are low because of the effective load
resistance.

They become noisy with age.
Due to poor impedance matching, power transfer will be low.

Applications of RC Coupled Amplifier
The following are the applications of RC coupled amplifier.

They have excellent audio fidelity over a wide range of frequency.
Widely used as Voltage amplifiers

Due to poor impedance matching, RC coupling is rarely used in the final
stages.



Advantages of Digital system over Analog system

1. Ease of programmability

The digital systems can be used for different applications by simply changing the program without
additional changes in hardware.

2. Reduction 1n cost of hardware

The cost of hardware gets reduced by use of digital components and this has been possible due to
advances in IC technology. With ICs the number of components that can be placed in a given area of
Silicon are increased which helps 1n cost reduction.

3.High speed

Digital processing of data ensures high speed of operation which is possible due to advances in
Digital Signal Processing.

4. High Reliability
Digital systems are highly reliable one of the reasons for that is use of error correction codes.
5. Design 1s easy

The design of digital systems which require use of Boolean algebra and other digital techniques is
easier compared to analog designing.

6. Result can be reproduced easily

Since the output of digital systems unlike analog systems is independent of temperature, noise,
humidity and other characteristics of components the reproducibility of results is higher in digital systems
than 1n analog systems.

Disadvantages of Digital Systems
e Use more energy than analog circuits to accomplish the same tasks, thus producing more heat as
well.

e Digital circuits are often fragile, in that if a single piece of digital data 1s lost or misinterpreted the
meaning of large blocks of related data can completely change.

e Digital computer manipulates discrete elements of information by means of a binary code.
e (Quantization error during analog signal sampling.
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NUMBER SYSTEM

Number system 1is a basis for counting varies items. Modern computers communicate and operate

with binary numbers which use only the digits 0 &1. Basic number system used by humans is Decimal
number system.

For Ex: Let us consider decimal number 18. This number is represented in binary as 10010.

We observe that binary number system take more digits to represent the decimal number. For large
numbers we have to deal with very large binary strings. So this fact gave rise to three new number systems.

1) Octal number systems
i) Hexa Decimal number system
i) Binary Coded Decimal number(BCD) system

To define any number system we have to specify
¢ Base of the number system such as 2,8,10 or 16.
e The base decides the total number of digits available in that number system.

e First digit in the number system is always zero and last digit in the number system is always
base-1.

Binary number system:
The binary number has a radix of 2. As r = 2, only two digits are needed, and these are 0 and 1. In

binary system weight is expressed as power of 2.

 Example:

Figure 2 : Hinary position values as power of 2

R
 MSB | MSB |

The left most bit, which has the greatest weight is called the Most Significant Bit (MSB). And the
right most bit which has the least weight is called Least Significant Bit (LSB).
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ForEx: 1001.01:=[(1)x2314[(0)x22]1+4[(0)x2 ']+ [(1)x2°7+[(0)x21]+]

(1)x2%]

1001.012=[1x8]+[0x4]+[0x2]+[1x1]+[0x05]+[1x0.25]

1001.012 = 9.25

Decimal Number system

The decimal system has ten symbols: 0,1,2,3,4,5,6,7,8,9. In other words, it has a base of 10.

Octal Number System

Digital systems operate only on binary numbers. Since binary numbers are often very long, two
shorthand notations, octal and hexadecimal, are used for representing large binary numbers. Octal systems
use a base or radix of 8. It uses first eight digits of decimal number system. Thus it has digits from O to 7.

Hexa Decimal Number System

The hexadecimal numbering system has a base of 16. There are 16 symbols. The decimal digits O to
9 are used as the first ten digits as in the decimal system, followed by the letters A, B, C, D, E and F, which

represent the values 10, 11,12,13,14 and 15 respectively.

Decima | Binar | Octal | Hexadeci
| y mal
0 0000 0 0
1 0001 1 1
2 0010 2 2
3 0011 3 3
4 0100 4 4
5 0101 5 5
6 0110 6 6
7 0111 ) 7
8 1000 10 8
9 1001 11 9

10 1010 12 A
11 1011 13 B
12 1100 14 C
13 1101 15 D
14 1110 16 E
15 1111 17 F
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Number Base conversions

The human beings use decimal number system while computer uses binary number system.
Therefore it is necessary to convert decimal number system into its equivalent binary.

1) Binary to octal number conversion
11) Binary to hexa decimal number conversion

The binary number: 001010 011000 100 101 110 111

The octal number: 1 2 3 0 4 & o6 7

The binary number: 0001 0010 0100 1000 1001 1010 1101 1111

——— ) ———— ——— ——— ——— —— \———

The hexadecimal number: 1 2 5 8 9 A D F

111) Octal to binary Conversion

Each octal number converts to 3 binary digits

” %Egﬂ | To convert 653, to binary, just
1 - 001 substitute code:

2-010 6 5 3
3-011

4-100 &
ok 110 101 011
6-110

7-111

V) Hegdd8™ “PF¥" 1101 0111

V) Octal to Decimal conversion

Ex: convert 4057.065 to octal
=4x83+0x8%+5x8'+7x8°+0x8 1 +6x8>

=2048+0+40+7+0+0.0937
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V1)

vil)

viii)

=2095.093710¢

Decimal to Octal Conversion

Ex: convert 378.93;¢ to octal

37810 to octal: Successive division:

8| 378

=372

0.9310to octal :
0.93x8=7.44
0.44x8=3.52 l
0.53x8=4.16
0.16x8=1.28

=0.7341s

378.9310=572.7341¢
Hexadecimal to Decimal Conversion

Ex: 5C71sto decimal
=(5x16%)+(C x16")+ (7 x16%)

=1280+192+7

=14710
Decimal to Hexadecimal Conversion

Ex: 2598.67510

16 2598
16 162 6
10 2
= A26 a6
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0.67510=0.675x16 -- 10.8

=).800x16 -- 12.8 |

=).800x16 -- 12.8
=J.800x16 -- 12.8

=0.ACCCs

2598.67510= A26.ACCC 6

1X) Octal to hexadecimal conversion:

The simplest way is to first convert the given octal no. to binary & then the binary no. to
hexadecimal.

Ex: 756.603s

7 S 6 6 0 3
111 101 110 110 000 011
0001 1110 1110 1100 0001 1000
1 E E C | 8
X) Hexadecimal to octal conversion:

First convert the given hexadecimal no. to binary & then the binary no. to octal.

Ex: BOF.AEI16
B 9 F , A E
1011 1001 1111 ; 1010 1110
101 110 011 111 . 101 011 100
D 6 3 7 ; 3] 3 4
=5637.534
Complements:

In digital computers to simplify the subtraction operation & for logical manipulation complements
are used. There are two types of complements used in each radix system.

1) The radix complement or r’s complement
11) The diminished radix complement or (r-1)’s complement
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Ex: Subtract 14 from 25 using 8 bit 1°s EX: ADD -25 to +14

23 =
-45 =

+11

+1

00011001 +14 =00001110
11110001 -25 =+11100110
(1)00001010 -11 11110100
No carry MSB =1
00001011 result=-ve=-119

MSB 1s a 0 so result 1s +ve (binary )

=+1110

Binary codes

Binary codes are codes which are represented in binary system with modification from the

original ones.

| Weighted Binary codes
I Non Weighted Codes

Weighted binary codes are those which obey the positional weighting principles, each

position of the number represents a specific weight. The binary counting sequence is

|| *0
5043210
0 X X
1

an example.

BCD

0 0000 0011 0000 0000 0000 0100001

1 0001 0100 0111 0001 0001 0100010 X X

2 0010 0101 0110 0010 0011 0100100 2 X X

3 0011 0110 0101 0011 0101 0101000 3 X X

4 0100 0111 0100 0100 0111 0110000 4 X X

5 0101 1000 1011 1011 1000 1000001 s K X

6 0110 1001 1010 1100 1010 1000010 6 X X

7 0111 1010 1001 1101 1100 1000100 7 A X

8 1000 1011 1000 1110 1110 1001000 8 X X

9 1001 1111 1111 1111 1111 1010000 X X

Reflective Code
A code 1s said to be reflective when code for 9 is complement for the code for 0, and
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so 1s for 8 and 1 codes, 7 and 2, 6 and 3, 5 and 4. Codes 2421, 5211, and excess-3 are
reflective, whereas the 8421 code is not.

Sequential Codes

A code 1s said to be sequential when two subsequent codes, seen as numbers in binary
representation, differ by one. This greatly aids mathematical manipulation of data. The 8421 and
Excess-3 codes are sequential, whereas the 2421 and 5211 codes are not.

Non weighted codes

Non weighted codes are codes that are not positionally weighted. That is, each
position within the binary number is not assigned a fixed value. Ex: Excess-3 code

Excess-3 Code

Excess-3 1s a non weighted code used to express decimal numbers. The code derives

its name from the fact that each binary code is the corresponding 8421 code plus
0011(3).

Gray Code

The gray code belongs to a class of codes called minimum change codes, in
which only one bit in the code changes when moving from one code to the next. The
Gray code 1s non-weighted code, as the position of bit does not contain any weight.
The gray code 1s a reflective digital code which has the special property that any two
subsequent numbers codes differ by only one bit. This is also called a unit- distance
code. In digital Gray code has got a special place.

Decimal | Binary Decimal Binary

0000 1000 1100
1 0001 0001 2 1001 1101
2 0010 0011 10 1010 1111
3 0011 0010 11 1011 1110
- 0100 0110 12 1100 1010
> 0101 0111 13 1101 1011
6 0110 0101 14 1110 1001
7 0111 0100 15 1211 1000
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Binary to Gray Conversion

| Gray Code MSB 1s binary code MSB.

| Gray Code MSB-1 is the XOR of binary code MSB and MSB-1.
| MSB-2 bit of gray code 1s XOR of MSB-1 and MSB-2 bit of binary code.
| MSB-N bit of gray code i1s XOR of MSB-N-1 and MSB-N bit of binary code.

8421 BCD code ( Natural BCD code):

Each decimal digit O through 9 1s coded by a 4 bit binary no. called natural binary codes.
Because of the 8,4,2,1 weights attached to it. It is a weighted code & also sequential . it is useful
for mathematical operations. The advantage of this code is its case of conversion to & from
decimal. It is less efficient than the pure binary, it require more bits.

Ex: 14—1110 in binary
But as 0001 0100 1n 8421 ode.

The disadvantage of the BCD code is that , arithmetic operations are more complex than
they are in pure binary . There are 6 illegal combinations 1010,1011,1100,1101,1110,1111 1n
these codes, they are not part of the 8421 BCD code system . The disadvantage of 8421 code is,
the rules of binary addition 8421 no, but only to the individual 4 bit groups.

BCD Addition:

It 1s individually adding the corresponding digits of the decimal no,s expressed in
4 bit binary groups starting from the LSD . If there is no carry & the sum term is not an illegal
code , no correction is needed .If there is a carry out of one group to the next group or if the sum
term 1s an illegal code then 619(0100) 1s added to the sum term of that group & the resulting carry
1S added to the next group.

Ex: Perform decimal additions in 8421 code
(a)25+13

In BCD 25= 0010 0101
In BCD +13 =+0001 0011

38 0011 1000
No carry , no illegal code .This is the corrected sum

DIGITAL LOGIC DESIGN Page no. 15
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Error Position For 15 bit code For 12 bit code For 7 bit code
CaC3C2 CsC3C C Ci3 (G G

0 0000 0000 000

1 0001 0001 001

2 0010 0010 010

3 guil 0011 11

4 0100 0100 100

5 0101 0101 101

6 01 10 01 10 1 10

7 01 1 1 01 1 1 1 1 1

8 1 0 0 O 1 00 O

9 1 0 0 1 1 0 0 1

10 1 0 1 0 1 0O 1 O

11 1 0 1 1 1 ¢ 1 1

12 L 1T 4§ @ 1 1 0 O

13 . E &

14 1 1 1 O

| Y G VRN

7-bit Hamming code:

To transmit four data bits, 3 parity bits located at positions 2° 21&2? from left are
added to make a 7 bit codeword which 1s then transmitted.

The word format

P P> D5 P, Ds Ds D-

D—Data bats P-

Parity bits
Decimal Digit For BCD For Excess-3

P1P2D3P4D5D6D7 P1P2D3P4D5D6D7

0 0O 00 O00O0 O 1 00 001 1
| 1 1 0 100 1 1 00 110 O
2 0O 1 0 101 1 0O 1 00T1O0 1
3 1. 0 0 1L .1 1 L @49 1L 1L @
= 1 00 1 10 O 0O 00 11 1 1
2 g 1L b4 L4 1 1 L1 g4 %4
6 . L9 0 k1L O g v 1 1.4 o 1
7 0O 00 11 1 1 1 01 1 0 1 O
8 1 1T 1 00 0 O g 11 w9 1 1
9 0O 01 10 0O 1 0O 11 1 1 0 O

DIGITAL LOGIC DESIGN
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Ex: Encode the data bits 1101 1nto the 7 bit even parity Hamming Code
The bit pattern 1s

P1P2D3P4D5D6D7

1 1 0 1

Bits 1,3,5,7 (P; 111) must have even parity, so P; =1

Bits 2, 3, 6, 7(P> 101) must have even parity, so P> =0

Bits 4,5,6,7 (P4 101 )must have even parity, so P4=0

The final code 1s 1010101

EX: Code word 1s 1001001

Bits 1,3,5,7 (C1 1001) —no error —put a 0 in the 1°s position—C1=0

Bits 2, 3, 6, 7(C20001)) — error —put a 1 in the 2°s position—C2=1

Bits 4,5,6,7 (C41001)) —no error —put a 0 in the 4°s position—C3=0
15-bit Hamming Code: It transmit 11 data bits, 4 parity bits located 2°2' 2% 2*
Word format 1s

P, | P> D; | Py Ds |[Ds |[D7 |Ps D¢ | D10 | D11 |Di12|D13|Di14 | D15

12-Bit Hamming Code:It transmit 8 data bits, 4 parity bits located at position 2" 2' 2?2’
Word format is

P P> Ds P4 Ds Ds D7 Pg Dyg Dio| D11 | D12

Alphanumeric Codes:

These codes are used to encode the characteristics of alphabet in addition to the decimal
digits. It is used for transmitting data between computers & its I/O device such as printers,

keyboards & video display terminals.Popular modern alphanumeric codes are ASCII code &
EBCDIC code.
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Digital Logic Gates

Boolean functions are expressed in terms of AND, OR, and NOT operations, it is easier to
implement a Boolean function with these type of gates.

Graphic Algebraxc Truth
Namw Sy mixd unction Ltabdc
1 \
| N i [l [
AND : —I Foe=x-y N
y — J 1 '
| i
| | l
!
. e 1 |
) - .
R ‘| B y—1 J 1 B =13
T i
| l
1 | o
invencer | H‘\;.o I F = x
e ; !
| L)
1 F
Buffer Y [ ™ - Pk
c P i ! X n
| |
® i 'I'
. ™ i |
AND ' 5 ¢ {xv)
NANI ’ J_‘_.h . 0 | l
l
] |
x y| F
N y —Tm__-_>° F re(x+y) - .
OR } . : ~ - o 1| o
™ - i
| i
X \ !
& F_"-r I
Exclusive-OR X \ "\’ _ F £V’ TV A '
(XOR) ) - o ! v &5 % i} | |
e | 1
1 i}
X % !
Or e . J d ’ : b | 'l,_:' il l N
equivalence - |
| l
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Properties of XOR Gates

* XOR (also @) : the “not-equal” function
e XOR(X,Y)=X@®Y=XY+XY
* |dentities:
— X@®0=X
- X®1=X
— X®X=0
— XX =1
* Properties:
- X®@Y=YDX
- XOY)OW=X®(YSW)

Universal Logic Gates

NAND and NOR gates are called Universal gates. All fundamental gates (NOT, AND, OR) can be
realized by using either only NAND or only NOR gate. A universal gate provides flexibility and
offers enormous advantage to logic designers.

NAND as a Universal Gate

NAND Known as a “universal” gate because ANY digital circuit can be implemented with NAND

gates alone.
To prove the above, it suffices to show that AND, OR, and NOT can be implemented using

NAND gates only.

NOT Gate
F = (XsX) X F=X
X p— cxex
= X

AND Gate

= (X‘#\f)‘

P w
OR Gate = XY

IX

.
:D— D F = (XYY =Ry
— = X'+Y"
Y ! %y L >0

[*(
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Boolean Algebra: In 1854, George Boole developed an algebraic system now called Boolean algebra. In
1938, Claude E. Shannon introduced a two-valued Boolean algebra called switching algebra that
represented the properties of bistable electrical switching circuits. For the formal definition of Boolean
algebra, we shall employ the postulates formulated by E. V. Huntington in 1904.

Boolean algebra 1s a system of mathematical logic. It 1s an algebraic system consisting of the set of
elements (0, 1), two binary operators called OR, AND, and one unary operator NOT. It 1s the basic
mathematical tool in the analysis and synthesis of switching circuits. It 1s a way to express logic functions
algebraically.

Boolean algebra, like any other deductive mathematical system, may be defined with aset of elements, a
set of operators, and a number of unproved axioms or postulates. A set of elements 1s anycollection of
objects having a common property. If S is a set and x and y are certain objects, then x I Sdenotes that x is
a member of the set S, and y IS denotes that y is not an element of S. A set with adenumerable number of
elements is specified by braces: A = {1,2,3,4}, i.e. the elements of set A are thenumbers 1, 2, 3, and 4. A
binary operator defined on a set S of elements 1s a rule that assigns to each pair ofelements from S a
unique element from S._ Example: In a*b=c, we say that * is a binary operator if it specifies a rule for
finding ¢ from the pair (a,b)and also if a, b, ¢ IS.

Axioms and laws of Boolean algebra

Axioms or Postulates of Boolean algebra are a set of logical expressions that we accept without proof and
upon which we can build a set of useful theorems.

AND Operation OR Operation NOT Operation

Axioml :  0.0=0 0+0=0 0=1
Axiom2:  0.1=0 0+1=1 1=0
Axiom3: 1.0=0 1+0=1
Axiomd4: 1 1=] 1+1=1
AND Law OR Law
Lawl: A.0=0 (Null law) Lawl: A+0=A
Law2: A.1=A (ldentity law) Law2: A+1=1
Law3: A.A=A (Impotence law) Law3: A+A=A (Impotence law)

CLOSURE: The Boolean system 1s closed with respect to a binary operator 1if for every pair of

Boolean values,it produces a Boolean result. For example, logical AND is closed 1n the Boolean
system because 1t accepts only Boolean operands and produces only Boolean results.

_ A set S 1s closed with respect to a binary operator if, for every pair of elements of S, the binary

operator specifies a rule for obtaining a unique element of §.

For example, the set of natural numbers N = {1, 2, 3, 4, ... 9} is closed with respect to the
binary operator plus (+) by the rule of arithmetic addition, since for any a, » I N we obtain a

unique ¢ I N by the operation a + b = c.
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ASSOCIATIVE LAW:

A binary operator * on a set § 1s said to be associative whenever (x *y) *z=x*(y*z)forall x, y, z IS,

forall Boolean values X, y and z.

COMMUTATIVE LAW:

A binary operator * on a set § is said to be commutative whenever X *y=y * xforall x, y,z €S

IDENTITY ELEMENT:

A set § is said to have an identity element with respect to a binary operation * on S if there exists an element

e € S with the propertye *x=x*e=xforeveryx e S

BASIC IDENTITIES OF BOOLEAN ALGEBRA

Postulate 1(Definition): A Boolean algebra 1s a closed algebraic system containing a set K of two or more

elements and the two operators

¥ s
x+1=1
x- 1 =1
XX =%
X- X=X
x+x' =
x-x =0

Xy = yx

x4l ydg )= (xFy )42

xi{yz)=[xy)z

xX(y+z)=xy+xz

x+yz=(x+y)(x+2z)

(x+y)' =x'y’

(xy) =x"+y’

DIGITAL LOGIC DESIGN
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. () =x

DeMorgan's Theorem

(@) (a+ b)'=ad
(b) (ab)) =a'+ b’

Generalized DeMorgan's Theorem
(a)(a+b+. . 2)=dab . =
(bY(ab .. 2 =a+D+ .. 2

Basic Theorems and Properties of Boolean algebra Commutative law
Lawl: A+B=B+A Law2: A.B=B.A
Associative law
Lawl: A+ (B +C)=(A+B) +C Law2: A(B.C) =(A.B)C
Distributive law
Lawl: A.(B+C)=AB+ AC Law2: A+ BC= (A + B).(A +O)

Absorption law

Lawl: A +AB =A Law?2; AA+B)=A
Solution:  A(1+B) Solution: A.A+A.B
A . A+A.B
A(1+B)
A

Consensus Theorem
Theorem1. AB+ A°’C + BC=AB + A°C Theorem2. (A+B). (A’+C).(B+C) =(A+B).( A’+C)

The BC term is called the consensus term and is redundant. The consensus term is formed from a
PAIR OF TERMS in which a variable (A) and its complement (A’) are present; the consensus
term 1s formed by multiplying the two terms and leaving out the selected variable and its
complement

Consensus Theorem1 Proof:

AB+A’C+BC=AB+A’'C+(A+A’)BC
=AB+A'C+ABC+A’'BC
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UNIT-III

COMBINATIONAL CIRCUITS

Combinational Logic

* Logic circuits for digital systems may be combinational or sequential.

* A combinational circuit consists of input variables, logic gates, and output variables.

N— S
—_— T
. Combinational
ninputs — > - —> moutputs
: circuit .
! e

For n input variables,there are 2" possible combinations of binary input variables .For
each possible input Combination ,there is one and only one possible output combination.A
combinational circuit can be described by m Boolean functions one for each output
variables.Usually the input s comes from flip-flops and outputs goto flip-flops.

Design Procedure:

1.The problem isstated
2. The number of available input variables and required output variables is

determined. 3.The input and output variables are assignedlettersymbols.
4 The truth table that defines the required relationship between inputs and outputs is derived.
5.The simplified Boolean function for each output is obtained.

DIGITAL LOGIC DESIGN Page no. 60

(3 Scanned with OKEN Scanner



Adders:

Digital computers perform variety of information processing tasks,the one is arithmetic
operations.And the most basic arithmetic operation is the addition of two binary digits.i.e, 4 basic
possible operations are:

0+0=0,0+1=1,1+0=1,1+1=10

The first three operations produce a sum whose length is one digit, but when augends and addend
bits are equal to 1,the binary sum consists of two digits.The higher significant bit of this result is
called a carry.A combinational circuit that performs the addition of two bits is called a half-
adder. One that performs the addition of 3 bits (two significant bits & previous carry) 1s called a
full adder.& 2 half adder can employ as a full-adder.

The Half Adder: A Half Adder is a combinational circuit with two binary inputs (augends and
addend bits and two binary outputs (sum and carry bits.) It adds the two inputs (A and B) and
produces the sum (S) and the carry (C) bits. It is an arithmetic operation of addition of two single
bit words.

Inputs Outputs

A B S C

8} O O O

o 1 1 0 A s

1 o 1 o — ] —

3 1 o 3 8 —o Half-adder I
(a) Truth table (b) Block diagram

The Sum(S) bit and the carry (C) bit, according to the rules of binary addition, the sum (S) 1s the
X-OR of A and B ( It represents the LSB of the sum). Therefore,

S=AB+AA®B
The carry (C) 1s the AND of A and B (it is O unless both the inputs are 1).Therefore,
C=AB

A half-adder can be realized by using one X-OR gate and one AND gate a

i I o
B *
A - " 2
T -
A I 1
c c
1 - )
(a) (b)
Logic diagrams of half-adder
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NAND LOGIC:

S=AB+ AB=AB+ AA + AB + BB
= A(A + B)+ B(A + B)
=A-AB+B- AB
= A-AB-B-AB

C=AB = AB

A - AB

— D

h

v

—y

C

"

Logic diagram of a half-adder using only 2-input NAND gates.

NOR Logic:

S=AB+AB=AB+AA + AB + BB
=A(A+B)+B(A+B)

=(A +B)XA+ B)

=A+B+A+B
C=AB=AB=A+B
A

) > 5
— ) >

Logic diagram of a half-adder using only 2-input NOR gates.

The Full Adder:

A Full-adder is a combinational circuit that adds two bits and a carry and outputs a sum
bit and a carry bit. To add two binary numbers, each having two or more bits, the LSBs can be
added by using a half-adder. The carry resulted from the addition of the LSBs is carried over to
the next significant column and added to the two bits in that column. So, in the second and

higher columns, the two data bits of that column and the carry bit generated from the addition in
the previous column need to be added.

The full-adder adds the bits A and B and the carry from the previous column called the
carry-in Cip and outputs the sum bit S and the carry bit called the carry-out Cou . The variable S
gives the value of the least significant bit of the sum. The variable Coy gives the output carry.The

DIGITAL LOGIC DESIGN Page no. 62

(3 Scanned with OKEN Scanner



eight rows under the input variables designate all possible combinations of 1s and Os that these
variables may have. The Is and Os for the output variables are determined from the arithmetic
sum of the input bits. When all the bits are Os , the output is 0. The S output is equal to 1 when
only 1 input 1s equal to 1 or when all the inputs are equal to 1. The Cou has a carry of 1 if two or
three inputs are equal to 1.

Inputs Sum Carry
A B3 . S G
0 o 0 0 0
0 0 1 1 0
0 1 O 1 O
0 1 1 0 1
1 o 0 1 O
1 o 1 0 1 A —= S
1 1 0 0 1 B — Full-adder
1 1 1 ' 1 Co ™ Cou
{a) Truth table (b) Block diagram

Full-adder.

From the truth table, a circuit that will produce the correct sum and carry bits in response to
every possible combination of A,B and Ci,1s described by

S=ABCin+ ABCn+ ABCin+ ABCin

Cout= ABCin+ ABCin+ ABCin+ABCin

and

S=ADBD Cn

Cﬂut: AC;’n+ BCin+ AB

The sum term of the full-adder is the X-OR of A.B. and Cj,. i.e, the sum bit the modulo
sum of the data bits in that column and the carry from the previous column. The logic diagram
of the full-adder using two X-OR gates and two AND gates (i.e, Two half adders) and one OR
gate 18

-

Y.
o

§

Cox = (A @ B)C,, + AB

Logic diagram of a full-adder using two half-adders.

The block diagram of a full-adder using two half-adders is -

s W i::ﬂ Cou = (A ® B)C,, + AB
. ; HA S=A®@B®C,
DIGITAL LOGIC DE Ca ge no. 63
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Even though a full-adder can be constructed using two half-adders, the disadvantage is that the
bits must propagate through several gates in accession, which makes the total propagation delay

greater than that of the full-adder circuit using AOI logic.

The Full-adder neither can also be realized using universal logic, i.e., either only NAND gates or

only NOR gates as

Then

NAND Logic:

9 t;tH v

A®B=A-AB-B-AB

S=A®B®C, = (ADB) (A®B),, -, -(ADB),,

C.=C (A®B)+AB=C,_(A®B)- AB

—] >—-

Sum and carry bits of a full-adder using AOI logic.

Da
Da

¥

1 s

)

(A& B)
BDat

DIGITAL LOGIC DESIGN

Logic diagram of a full-adder using only 2-input NAND gates.
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Basics of Flip Flop

A circuit that has two stable states is treated as a flip flop. These stable states are used to store binary data
that can be changed by applying varying inputs. The flip flops are the fundamental building blocks of the
digital system. Flip flops and latches are examples of data storage elements. In the sequential logical circuit,
the flip flop is the basic storage element. The latches and flip flops are the basic storage elements but
different in working. There are the following types of flip flops:

SR Flip Flop

The S-R flip flop is the most common flip flop used in the digital system. In SR flip flop, when the set input
“S" is true, the output Y will be high, and Y* will be low. It is required that the wiring of the circuit is
maintained when the outputs are established. We maintain the wiring until set or reset input goes high, or
power is shutdown.

S

X °Q

R Y eQ

The S-R flip flop is the simplest and easiest circuit to understand.

Truth Table:
S R Y Y
0 0 0 1
0 1 0 1
| 0 1 0
1 1 = e
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J-K Flip-flop

The JK flip flop is used to remove the drawback of the S-R flip flop, i1.e., undefined states. The JK flip flop is
formed by doing modification in the SR flip flop. The S-R flip flop is improved in order to construct the J-K
flip flop. When S and R input is set to true, the SR flip flop gives an inaccurate result. But in the case of JK
flip flop, it gives the correct output.

In J-K flip flop, if both of its inputs are different, the value of J at the next clock edge is taken by the output
Y. If both of its input is low, then no change occurs, and if high at the clock edge, then from one state to the
other, the output will be toggled. The JK Flip Flop is a Set or Reset Flip flop in the digital system.

Truth Table:

<

= OO OO | -
= O = | O = O|= O |

et | | =2 O (OO O | =€

QIO == OO

D Flip Flop

D flip flop is a widely used flip flop in digital systems. The D flip flop is mostly used in shift-registers,
counters, and input synchronization.
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CLK

Truth Table:

L

D

Clock

Yl

b »0

a1l

v »0

21

== OO0

el ==l =1 -

O b= b= | =

T Flip Flop

QO

Just like JK flip-flop, T flip flop is used. Unlike JK flip flop, in T flip flop, there is only single input with the
clock input. The T flip flop is constructed by connecting both of the inputs of JK flip flop together as a

single input.

CLK

The T flip flop is also known as Toggle flip-flop. These T flip-flops are able to find the complement of its

state.
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Truth Table:

Y (t+1)

= O = O] -

== OO | =€

O [ b=t | et
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DC § AC CIRCUITS

“;k‘LLAB(B',
OOIT-T © DC §HC CIROITE

DC CIRcOITS
] £ 1t5
Elecesica) ciscoit elements (B,L £C), Ohm? law &

: : ‘ VoS b -
limitations, kel § KVL, 6esies ~pazalie] Ciscuits, SUPED postti]

theosern , Simple  homesical  Pooblems.
AC ClR(TS!

Ac eundamentals - coluation of ac volkage ond Cuzsmt,
caave Fosm,  time pesiad | Fealuency, arnplitude, pbqse , phage  difference

awsage wale, rmg value ; rosn Factos, peak  FOCtos, voltoge and
in R L ang ¢ CiEOits,

Cussent  welationehip  twith prasos diogmamS
E-

Concept o impedane, Active Powas, Backive POUXT and Qppasen

powes,  concept of powes Factos (Smple nome il stoblems) ',

-Ba_gnc DEFINITIONS:
ClRCuIT: A CiBWiIt is o corducting path, 6B0Ugh  which
Clihes an electsic cossent clows o) 18 - Intended O Flow .
Ciscoits awe OF two btypes

@) Ackve . ciscoit

(b) passive ciscoit

OF Vam‘oug; electdic -

ELECTRIC MNETWORK: A combinaton
g knoun 08 clectsic -

elerente  Conrected 1N ANy MONNES

Netwok . @& Ciscoit may be & Netwosk ) a paxt @ the

e ok , _ o
ACTIVE ELEMENTS! The SousCes mawy be vo(toge(cucsoenb

sousces  which 6opply enesgy to Q. Ciscoit [netwosls awe

brnownr 08 Qctive €lements.,

Ex: Genesatons, Battesies eec..
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i
L 2t ¥

| g " 5 nl
mductance and capacitonee awe called  paggive  elercents

Cincort elements.

) ) ' YL e kere
LTNEAR ot A lincas Ciscoit 15 Ore whhoee  paTarmeters,

| O VO“_O e (4) (“’,-;}nr}l
Qne  congtant , e+ ey do rot change  with q

NOW - LINEAR CIRCOIT: A ciscuit in  which the  PaRGretes
‘ ~ lineat -
change with voltoge ©s) cusent is  known QS o0 linea

Ciscont.

OMILATERAL CIRCUT: A ciscoit whose  psopesties (0s) Chamac-

tesietics  change  With B2 chame of ditection  oF it

' ilatewal  ciscoit.
opesating  cusant 1S knoury ag onilatesal  CEOr

ey . Rechfies

A Ciscoit whose onPeﬁh'es (os) chosaC-

BILATERAL CIRCUIT: | |
i eithes diwection 1o (hown as bilgtewol-

tesichs Qwve  sane

P

it . ey 6 TOONSMISSION line
cloaed electsic  cioit 10 whith  Qckive

ACTWE CIRCOIT: A
(05) cussent S00s€S Qe

elerments  like Volkage  SOUSCES
owe found along with passive  elements
Ciocoft.

o hown Qs ackve-

L ‘Cui Ll i :
pPAsove  CIRCOIT: O closed electsic  cizcoit N cohich only

—

: ' nown Qs Sive Cixuit,
poscie elerments Aa™e pregent 19 k passive cixcvi

TorcTIon ©P) NODE: Th O netwock,/cio'cuit, e point At which

two (Wws) moee elercents  ate conrected and  whese divigion

OF coswent takes Ploce 18 known As A fs‘oncHon tox) node.
BrAanCH: A past of  the nem)ook/ ciscoit Conrected  ketween

two JoncHong 15 called O branch.
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Loop (o8) tEEH: A loop i3 « cloged path and ey

Contain Qctive (o5) passdive elements  (5) both: A loop "Gy

be o part g a Ciscoit | aletwosk.
A tesh 18 the @mplest possible [(oop ©s) is G
closed path 0 a  ciscoit | wetwesk: tesh deesn't  contain any

Othes nnes  (oops  in G . ”
-“AH Meshes QBe looPS,but all locps Oxe not tteshes.

ELECTRIC VOLTAGE: The potential —difRfesence betOeED
g the CGmMOLNE OF

Points (o¥) volkage N GN elecksic eisit
‘Nt4.

enesgy wealeised €O Move O unit chawge  leeueen o O

[\ )

9t ia meacozd D “Volks” and indicated with & lettes V'

Ex. Battewies, &encsatovs {
p \

Ewo

. ( V) | ; ,'l”

ELECTRIC CURRENT: | |
ot i the flow of electwons tos) elecksic  Chowge- 26

1)

la rocacosed in Ampeses and demoted by b leetes T
Ev oF De coment! labtesies, solos cells, Eresmocouples et

in AC, cossent o) electsic chawsae  Movernent petﬁo&'cal.vlg

Changes  with wegpect kO kme. -
‘ Lo
-7
i—-—— R V_g ~/ R
V ey )
e —
—> 7 & ™

(0) DC Ciscuik (5) ac civeoit

&

7

G Scanned with OKEN Scanner



RERNFTANCE (R):
L . . \ rpl (4
The wesistonce OF G conducting  rotenia ] Oppass T
(,J dw] .
Clocw OF electwons - TE 19 meo sused  in ohas ond  deroted
gii{e¢n ~

by He €eek symbo| -f1.

R |
A“—’VWW\——B — M@L——-B

(e) Eived Resido (b) vasioble Resistos.
TUDUCTAMCE (L) :
trductance 16 e Obility of a . device o GeneWtc G
voltage wohen the Comtent Eough it chonges: (bs)
: ‘ ae
Conductanee e e ability of G device which Oppes

e dnange W Cuswent. (o)
Onductance  which  St05€S eresgy 0 te  FOS™ of a

magnetic  Field. -
T e meagoned i hensys (1) and denoted kY letters .
L
—Ih——"08

capacTance (6): | |
capacitorce 16 e Obilily OF G device which ©ppose
te chorge 0 voltoge . o)

Copacitonce  tohickh 8ECoe8

resgy in the Fosm OF g
electsic  feld.

Tt ie reosused in Fow0ds (F) ond  deroked by lettes ¢
C

*-Af—“"
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powed 16 the Tate at  which otk 15 being done,

ciscolt 18 He psodoct OF vAtoge and

Y powes 0 @ De
oo oted

\ \ ) ' en
the cospent. Tt i ™eagused (0 Wakts (W) and 1¢ 4

by P’ ‘::]'P‘ 7] wae.

TERS
VOLTAGE € CORRENT ERuATIONS (8 DC paRAME

RESISTORS :

The Symbol Fos a Besiston:

Voltage QGCB0S

given by: Volks

' in  \Volts
tag 0.CB055 Reagtos N

cowsent o9
ce % the COOaUQbOU.

whese, Voo
T -
R = TRegistan

h Recigtgs 0 AMPS
N ,ohms

(- %]

—
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CAPACITORS !

e egmhol  foy a  Qpacitos ¢

~ 4
———*“*“ o), J)\
C

lanit @ foxed = | Coulomb [volt

Cossent 18 given 53 iy = C %.Lé
voltage 1S given by viE) = —CLS‘iU‘)al?

. - Ay

-

The symbol Fos a  inductos

. A L ¢

— YT N——

L | A
VO((ﬂgc 'S given ‘D\j vE) = L a_é
cussent 18 given bg ‘iU*) = —ll: {ZV at

énezsng‘ Stored in inductos 18 given by
WL (k) = —11— >

OHM's LAK!

STATENEDT: Ohm's  low  etates  thak He voltoge  acmoss
o conductas 18 disectly poopon tional ko e coment
F(owlnq Heough it moovided  all PHLJS“CQl conditiong  and

ternpena L werming constant.
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onne  tawe L(\\lt\({(‘.n

A

V= TR
twhe,

V: voltage Qcx0de Ehe  conducton

T2 oconent Flowing  togh e tonductos
R = TResistance poovided by bhe conductons to the Flow of
Cusvent .
OHM's  law  tagic Tsiangle: POWIER TDlLM1L€ '.

TR

MUMERICAL  PROBLEMS oM OHM'S Lahkt:
. ison 18 500 and G cunrent
the voltage ketwxen

() Te He sesistance @ an  electsi
OF 324 Flows Hwough He wWsistance. Eind
EHwO (Jomt—s.

iven
Resistance, R 60 -
ussent T 2324
find
Voltage, v:= 9

Fsorn Ohm g law, v= TR

= 321r50

v = lbov]

@
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@)Y AN €£MF SouNe of fov 19 connected Lo ey
saiotive  elecksical  appliance  ta light bulb): An electric
cosent of 208 Flows Hwough it Caleolate e OGN
offexed by the electsical  appliance.

Given
volkage, V= 8V
cosent, T =24
Fnd

Resigtonce, R= 9

U Ree }_/—
T
-8
2
LQ: (_\,_ﬂ:)

GHM'S LAl APPLICATIONS :

The main applications of ohws law o
() To detesmme HR  \Voltoge, Besistance  tox) upsent of an
elecensic  Cistuit.

@) Ohmg law maintaing He desised  Voltage deop  Qcvess

the.  electsonic Components.

@) ohr's law 8 also veed v D ammetes and  olren
¢ chonte to dwest Hhe cusent,
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LA TATIONS Q.F m_\r_q_'e Lib\l‘.

following aze He livi tabone OfF ohms law:

() ohws law {8 ot applicable Fos unilatesal electical -
elements like diodes and teongistoss @S they  allow the
cussent  t0 Flow  Hisough N one  diweckion  only-

o) £os non- lirats electsical  elements  with  pPasametess
\ke capautonce, regigtane et He o OF voltade ard
costent  Wwonk ke onstant with wespect ko Hme mMaling

it diprpcole Eo uvge ohmg  (aw.
KIRCHHOFF's LAWS:

Tn 1847, Qustov Robest KisChhoff'S  intsoduced @
it OF laws boged On the law of Consesvaton of chawge
and eresgy n an elecksical ciscott. Tese laws ame valid
in & ond DC reewiosks ot low  Foeaduencies.

() kischhoffs cuzsent law (kci)
(2) Kischhotes voltege lacw (kL)
U) KIRCHHOFFS CURRENT LAW (kL)

KisChhoges cuszent law (o) KCL , States that e " total
Custent (os) chosge entesing a l\unc'h‘on (o node is exactly
edua| t0 the Chasge leaving the node’.

Tn Otes wOsAS the algebsaic sum @ Al Hhe COIXNES

entesing and leaving @ node mMugt be edual to e

éien&umg = é'lecw-‘n%

= l'cnbem‘ng i x leavmﬁ =0
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Ty

D +T) +T3+ (-Ty-T¢) =0

whese ,

o

14,

&
‘\" /|’1—/

Ty Obe entesing  coussents

Tc awe leaving Cussents

3’“‘\'(’3) -0
;3 z —L—q+6+l+ (—3)]

:OA
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KIRCHHOF(S  VOLTAGE  Lawl (kvL):

kinchhoffFs voltage law (05) vl , States  that ©in oy
closed loop netwosk beinG  dasiven by o Voltoge S0UZC, Lo
tota] voleoge asound  the loop ig eadua| to the Sum Of Gl
e voltage dsops within  the Same loop" which i €aunl to s

TN Othes wosd8 He algeksaic Sum  of all Volkege 8Souses
ard e voltage dwops within @  closed loop must be eolual to

7e%50. A B m

VAB t VBC *VCD *VDA =0

B C

- oL I L M
L .‘ ) (‘h P A @
T "\\0\)\'(‘ R ‘\‘\‘l\\‘)\'
g o 5 ~N
K\ i < »]
. > A
T /™ e Vp2
T Jy: 22 -
.0 v k" L ;
P
g ,\ -1-‘\
- L 4_\1\\.‘.\\‘\‘. -
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NuUMERICAL PROBLEME  ont kel £ kvl

' o _ ' b A Eferery,
W) wohat 16 Uye  magnitude  OF the electnic poteribial difd ’

QR0esS  WHIStos Ry ?

_ | N
& AW—
U 20

\

By applying kvl Co the Ciscuit

Ra

— 12 + 4%\ + Ux3 4 txR3 = O

— 8444 244Ry =0

LRy - tiBg ~lb
Ley = 2
Q3 ¢ 2
4
93 =0:8
\/;23 o T 1~Q3
= Lk roS
=2V

G Scanned with OKEN Scanner



P . , ~"
1t 58 a Ciscuit whese He Components ane conrectedd

end-to-end in a line 5 called 8cwies Ciscot.
p\ QJ- "23
only one path Fop Cusnent

Lo Flow

e 24 Voltage d'GOP s, ¥, = Vg

| ] — ; ' VR\ L '\P‘
| ! \L By |
y = Voltoge dwop 0Cs0ss, R, = Vea

7 e -

A— S V2= 1Ry

® 3 . Voltage dsop acwes Ry = Ves

| Ve = iRy
"V = V‘P\ «Vpy «\/23

'R 2 1R 4 1R %1R3
AR = A(R 1R, +03)

S ?eo.) = ?\*Qz’kp3

iF bhese ate ‘' wsigtoss | then

LQOJ = P\*QJ*Q‘%T"’“\_QV}J

1]
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manallel  ciscoit 16 a ciscolt whese  all components
ase connecttd  QENSE  each  Okes.
é( X %
\_,
Thege  points Qee c’ledm(‘a!l% oMo |
These Qe ™any mths fos ossent  Flow, bk only  one
Vol tage acxoss  all  comporents.
€% — Total Cussent 1= +lhtig
cusnent  acsoss  ®Sistos, i\ = Y
\
Cussent  QLdDSS waistos, i, = M
: b
cussent GLOSS WSSO, 15 - V.
Rs
' ; = :\'t “) t \3
r\—/"‘ ~ .V’-— 'k L/" &'K‘é—
P B R &
' ! \ I
% :/d(:(l‘ 22 fz'&.
* Mﬁﬂ
'p X Q\EIQB
) -
'Q\VH?:,P_:,&P-BPp
P "‘ ,_Y—— N - \ Rea)
Cotoent, { Ceul )
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\ Total  wsigtantr, Re) - €4 0,40,

, \ _-'7::%:\0‘”1 Rea) = 3+ 10t T
- ‘ - B
e -t
= ‘J\a\l\'
Pa:Sin va

Fxom  ohrds law),
we  how, V= 1Re
e
- Reo)

-9

(& x\000

setol Ry Vo, = 1R
voltnge de GRS S TL AR \

§00>u66 x 3x\000

'y

]

XY
Voltoge chop 0Cwss Resisto, R, Vg © R

. <oox\0°x tox\0bo

= TV

| oo ©3,\Vpy = 1P3
Voltpoe  dsop Gess BESAL T

- 5ooxt°% $x1000

A C2-C
PRV - \/p‘»\\/p,;&\/pg -:‘> RS ‘ _
= Qv (%7

ol
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Cussent  QCsess  wsistos By Tey = .
\

-9
ol
=09mA

s

= 4
2k
= (S A
CUussent QeSS wesistos @3, Ves ¢ .{2\1;

- q

\ x1000

:G(mA

—~ -~ Eh -
U= dp Atprtils

B

e
G 4 ma
p. RRE3 0x 2%

B}

-—

R 1R, Ryt Q2R LOX2 +2x\ % X 10

-
—

~0:625 (L

\i ~ gx? o G Y % 0625
= Qv
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[} . S ' = o 11‘ 0
—> All  comporentd in a Sexies  Cistuit  Conduct  the o om

cusnent

-~

e o~ 2

— T total eaktiwlent twesistance @ o Gewies Ciscuit S
e@ual to e cum @ e individua| @sigtanes.
Pt()t‘(l\ = ?"\’Ql*‘ -~ E’n

— T total volkoge dxop D G 8emes Ciescu'& 1) ecdqo.l to
the sum @ the individua) woltage dwope.

Viotal = V4V £ ~2 =+ Vn

PArALLEL CIRCOIT  FUNDAMENTALS !

—

— The wvoltage 6 the save gos all Components in powallel -
Gistoi k-

\/l:V‘L:""‘— Vr)

— T tota) pasolle)  ciscoie wossent 1S e Som OF the individu]
anch  cussents.

5y

feotal = Tt —~-tTy
T otal  waistane @ @ poalle]  ciscoit I8 less than any

OF tr ndividual bsanch wesigkances.

' R\ Ri P3 Rr)
)
. “ Peow\ . Q( lej - Qh

~—

PRt PRy 4+ Ry Rt Rpp,

@
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LNt se

G SCPIES - "f\l‘f\lx

l”\ {‘ o I’i“\ll"' /]l'..fl/,[

‘\"

EH
=t
23

3
300

I the given  Uswit the ReSISEOTS R, & Rz awe N

Paxallel L erey
‘. Ba -

-

Rat 23

20X 30
20130

= (2

semes With Ry, hence the CisLOt

The Tesistos Raz 18 in

becomes. rr 4 = 6 Ris e W Senie
|
38.0 R = Rit®
e = 8 £
= 50
herxe  the ecdsvalent Crseoe 15
~
| i
Foorm  ohms  law,
we lnow, V=21 R y 1 g =Son
: AV
AN L -
%
2.5
S0
T 080
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{\ \ J Yon

Ciscot By & Ry am in Sewies hence

™ 4  Gven
Raz = R + R3
=304« 40

=18 o

The wesistance B3 19
te  Cwceuk  becomes

in poaalle] Wwith Ry, hence

>T D |
‘?\13 = M
Q\'\‘Q
+ Ry Ra 3
1YY, €on 18 - Sox%
- SO+ %
= 305N
V
D=
R
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NUMERICAL  PRUBLENS Ol R LEC AlLonE:

ey

(1Y An latgell H.‘ acent l(]m]" ‘ul\m ”," () CSrtOree /() € "”z
ia connected  to @ 230V (BMS) sopply - Determine the cuvonend

taken by the lamp and the potes  dissipatd.

qiven datoa
Resistance, R = WS
Voltage , v = 230V

To Find
CU‘(S?SEnb, T - (?

PO(LX)GI P = ‘)

= 230XL

. Ciscuit 008
(2) whot 18 the induckve weockance oan A« Qs
\nduckance, I He  Fsea)uency 15 6otz 7

&iven

Tnduckance, L =008 H

Eseaduency | f = 6oz

T find
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XL - 2Nk L

- 2xTx box00&
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(3) &0 educkve  col of \v'f‘,fiq.'t,)(’ aleictonee  talees

when  connected  to ey, Aotz copply- caledlete e inductance,
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Voltage, v = ooV
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™ Wnd

——————
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UNIT-2

Machines and Measuring Instruments

Machines: Construction, principle and operation of (1) DC Motor, (ii) DC Generator, (iii)
Single Phase Transformer, (iv) Three Phase Induction Motor and (v) Alternator,
Applications of electrical machines.

Measuring Instruments: Construction and working principle of Permanent Magnet
Moving Coil (PMMC), Moving Iran (MI) Instruments and Wheat Stone bridge.

DCMOTOR

DC motors convert electrical energy into mechanical energy. The
fundamental principles and construction of the DC motor are identical with
DC generators. A machine that runs as a motor will also operate as a
generator operation of DC motor.

Electrical energy : Mechanical energy
(input) % DC motor (output)
Figure 3.22

PRINCIPLE OF OPERATION

The basic principle is whenever a current carrying conductor is placed in a
magnetic field the conductor experiences a force whose direction is given by
Fleming’s left-hand rule. If a current carrying conductors is placed between
two magnetic poles as shown in fig 3.23, both the fields will be distorted flux
(less flux)

/ﬁ\ﬂw’eakening flux (less flux)

T R
e

Strengthening flux (more flux)

Figure 3.23




From the fig 3.23 above the conductor the field is weakened and below the
conductor the field is strengthened. Therefore, the conductor moves
upwards. The force exerted upwards depends upon the intensity of the main
field flux and the magnitude of the current.

The direction of the current through the conductor is reversed as shown in
fig 3.24. Here, below the conductor field is less weakened and above the
conductor the field is strengthened. Then the conductor tends to move
downwards.

The magnitude of the force experienced by the conductor is
F=BI1

Where

B - magnetic field density in wb/m?

[ - current in ampere

| - length of the conductor in meters

The direction of motion is given by Fleming’s left-hand rule, which states
that, if the left thumb, force finger and middle finger of the left hand are three
mutually perpendicular directions and if the fore finger indicates the
direction of the field, and the middle finger indicates the direction of current,
then the thumb points the direct of motion of the conductor.

In a dc motor, a strong electromagnetic field and a large no of conductors
housed in an armature and carrying current, make the armature rotate.

APPLICATIONS OF DC MOTORS

DC shunt motors

They are used where the speed has to remain nearly constant with load and
where a high starting torque is not required. These are used for driving
centrifugal pumps and light machine tools, wood working machines, lathe
etc.



Series motor:

These types of motors used where the load is directly attached to the shaft
or through a gear arrangement and where there is no danger of the load
being through off. These are used in electric trains, cranes, hoists, fans,
blowers, conveyours, lifts etc., where the stating torque requirement is high.

Compound Motors

They are used for driving heavy machine tools for intermittent loads. Shafts,
punching machines etc.

INTRODUCTION OF DC GENERATOR

An electrical generator is a rotating machine which converts mechanical
energy in to electrical energy. This energy conversion is based on the
principle of electromagnetic induction.

Electrical energy
(o/p)

Mechanical energy

R ——— DC generator
(i/p) -

Figure 2.1

According to faraday's laws of electromagnetic induction, whenever a
conductor is moved in a magnetic field, dynamically induced emfis produced
in the conductor when an external load is connected to the conductor the
induced emf causes a current to flow in the load.

CONSTRUCTIONAL DETAILS

The major parts of the DC generator is given below and also shown in fig.2.2
1. Magnetic frame or yoke

2. Poles, interpoles, windings, pole shoes

3. Armature

4. Commutator



5. Brushes, bearings and shaft
Yoke
The outer frame or yoke serves two purposes.

(i) It provides mechanical support for the poles and acts as a protecting
cover for the whole machine.

(ii) It carries the magnetic flux produced by the poles.

In small machines where cheapness is the main consideration and weight is
not a critical factor. The yoke is made up of cast iron. But for larger machines
cast steel or rolled steel is used.

Figure 2.2

Poles

The poles consist of pole cores, pole shoes and pole coils. The pole cores and
pole shoes form the field magnet. The pole shoes used to spread out the flux
in the air gap and also reduce the reluctance of the magnetic path. The pole
shoes also support the exciting coils or field coils. The pole core is made up
of cast iron or cast steel. To minimize the eddy current losses the pole cores
and pole shoes are laminated. Annealed steel is used for laminations. The
thickness of laminations varies from 1 mm to 0.25 mm.

The pole coils are made up of copper wire or strip. When current is passed
through these coils, the pole becomes an electromagnet and starts



establishing a magnetic field in the machine. The flux distribution through
the pole, air gap, armature core and yoke is shown in fig.2.3.

Interpoles

In modern DC machines commutating poles or interpoles are provided to
improve commutation. Like the field winding the commutating poles also
have exciting coils which are connected in series with the armature.

Armature

The armature consists of an armature core and armature windings. The
armature core houses the armature conductors or coils and causes them to
rotate and cut the magnetic flux of the field magnets.

The armature core is cylindrical or drum shaped. It is made up of circular
sheet steel. The armature core is laminated with the thickness of 0.5 mm. the
lamination is used to minimize the eddy current loss. The laminations are
known as stampings. In small machines these stampings are directly keyed
on the shaft. In larger machines the stampings are first assembled and then
keyed on an armature spider and the armature spider is then keyed on to the
shaft.

The armature conductors are housed in the slots. The slots are rectangular
in shape for large machines and circular for small machines.

The conductors are housed in slots in two layers. The slots are closed by fiber
or wooden wedges to prevent the conductors from flying out due to
centrifugal force when the armature rotates. The arrangement is shown in
fig.2.3 and 2.4.



Pole shoe

Pole

Figure 2.3

Slot
Laminators

Key way

Air holes

Figure 2.4

Commutator

The function of commutator is collection of current from the armature
conductors and converts the alternating current induced in the armature
conductors into unidirectional current in the external load circuit. It is
cylindrical in structure and is built up of wedge-shaped segments of high
conduction hard-drawn copper. These segments are insulated from each
other by thin layers of mica. The number of segments is equal to the number
of armature coils.

Each commutator segment is connected to the armature conductor by means
of a copper lag or strip or riser. To prevent them from flying out under the
action of centrifugal forces, the segments have V-grooves, these grooves are
insulated by conical Meccanite rings. The cross-sectional view of
commutator is shown in fig.2.5.

Brushes and Bearing



The brushes are made up of carbon or graphite. The function of brushes is
collecting the current from the commutator and conveys the current in to
the external load resistance. They are rectangular in shape. These brushes
are housed in brush- holders and mounted over brush holder studs. The
brush holder studs are mounted on a brush yoke. The brush holder studs are
insulated from the brush yoke by insulation sleeves.

Ball bearings are used for light machines and for heavy machines roller
bearings are used. The bearings are packed in hard oil for quieter operation.

Wooden wedge

Tape
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Miconite separator

Mico paper
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Figure 2.5

PRINCIPLE OF OPERATION

Let us consider a single turn rectangular coil ABCD rotating about its own
axis (Fig.2.6) in a magnetic field provided by either permanent magnet or
electromagnets. The two ends of the coil are joined by two slip rings 'a' and
'b" which are insulated from each other and from the central shaft. Two
collecting brushes made up of carbon or copper press against the slip-rings.
Their function is to collect the current induced in the coil and to convey it to
the external load resistance R. The rotating coil is called as armature and the
magnetic as field magnets.



Figure 2.6
Assume the coil is rotated in an anti-clock wise direction.

Let 'l' is the length and 'b' is the breadth of the coil in meters. When the coil
sides AB and CD are moving parallel to the magnetic field, the flux lines are
not cut and no emf is induced in the coil. At this position assume angle of
rotation '0' as zero.

This vertical position of the coil is the starting position. According to
faraday's law, the emf induced is proportional to the rate of change of flux
linkages.

Where

e=-Nd¢/dt............ (1)

N - number of turns

d - flux

t - time

IfN=1,

e=-d¢/dt

Initially, the coil is moving parallel to the flux lines, no flux line is cut. So
d¢p/dt=0,ande=0

After 't' seconds, the coil has rotated through an angle 'wt' radians in the
anticlockwise direction. The flux linking with the coil is



B1b cos wt.

e=-d/dt (B1b cos wt)
=-Blbw(-sinwt) =Blb wsin wt
e = Ensin wt .......... (2)

Where

E.=Blbw

E. = maximum value of induced emf

When 6 = 90°, the coil sides are moving at right angles to the flux lines. The
flux

lines are cut at the maximum rate and the emf induced is maximum.

When O = 180°, the coil sides are moving parallel to flux lines (AB and CD
have exchanges positions) and the emf induced is zero.

When 6 = 270°, the coil sides again move at right angles to the flux lines but
their position reversed. The induced emf is maximum in the opposite directs.

When 6 = 360°, the coil sides again move parallel to the magnetic field and
the emf induced is zero. The coil has now come back to the starting point.

If the rotation of the coil is continued the changes in the emf are again
repeated. The changes in voltage 'e', with respect to the angle '6' can be
plotted as shown in fig.2.7.

E

ef

0 180° 270° 360"

Figure 2.7



The emf changes from instant to instant and becomes alternatively positive
and negative. This emf is called as an alternating emf.

The induced emf in the coil can be increased by
i) Increasing the flux density (B)
ii) Increasing the angular velocity (w)

In commercial generators a large number of coils are used and they are
housed in the armature.

The current flowing in the external resistance to a DC generator is made
unidirectional by replacing the slip rings by a split rings as shown in fig 2.8.

The ring is split into two equal segments P and Q and the segments are
insulated from each other and also from the shaft.

Insulation

Figure 2.8

The coil side AB is always attached to the segment P and CD to Q. It is shown
in fig.2.9. The brushes B; and B; touch these segments and to collect the
current. During the first half revolution, current flows along ABLMCD
through brush B, (Positive) and into B; (Negative).

A D

Y A

B C

L MM M
Figure 2.9



After half a cycle AB and CD have exchanged positions along with the
segments P and Q and current flows through DCLMBA. B1 is in contact with
for each half revolution the positions of segments P and Q also reverse
shown in fig.2.10.

D A
Y A
C B
+ —
B, B,
L AM M
Figure 2.10

The current in the load is always unidirectional is shown in fig.3.11.

A
<

180° 360°

Figure 3.11

In a generator, the split rings are called commutator.
APPLICATIONS OF DC GENERATORS

Shunt generators are used for supplying nearly constant loads. They are
used for battery charging, for supplying the fields of synchronous machines
and separately excited DC machines.

Series generators are used as boosters for adding a voltage to the
transmission line and to compensate for the line drop.

Cumulatively compound generators maintain better voltage regulation and
used where constant of voltage is required like lamp loads etc. The
differential compound generator is widely used in arc welding.

CONSTRUCTION OF TRANSFORMER



The simple elements of a transformer consist of two coils having mutual
inductance and a laminated steel core. The two coils are insulated from each
other and the steel core other necessary parts are core and windings. In all
types of transformers, the core is constructed of transformer sheet steel
laminations assembled to provide a continuous magnetic path with a
minimum of air-gap included.

Iron Core

- ————

Iron
Core

b2 »
Primary "
Coil

[l

1

Coil

Secondary } |

(a) (b)
Figure 3.42 Construction of transformer

The steel used is of high silicon content, sometimes heat treated to produce
a high permeability and a low hysteresis loss at the usual operating flux
densities. The eddy current loss is minimized by laminating the core, the
laminations being insulated from each other by a light coat of core-plate
varnish (or) by an oxide layer on the surface. The thickness of laminations
varies from 0.35 mm to 0.5 mm. The core laminations are joined as shown in
Figure 3.42 (b).

Construction ally, the transformers are of two general types, distinguished
from each other by in which the primary and secondary coils are placed
around the laminated core. The two types are known as

(i) Core type
(ii) Shell type

In both core and shell type transformers, the individual laminations are cut
in the form of long strips of 'L', 'E' and 'I' as shown in Figure 2.30.

i
S

] ]
Figure 3.43 Lamination cut strips of ‘E’, “T’, ‘I’ shape




The assembly of the complete core for the two types of transformers as
shown on Figure 3.43.

Lamination

gl e A oo 5 | o

Butt joint

Figure 3.44 Core assembly

Core-Type Transformer

The coils used are form-wound and are of the cylindrical type. The general
form of these coils may be circular (or) oval (or) rectangular. In small size
core-type transformers, a simple rectangular core is used with cylindrical
coils which are either circular (or) rectangular in form.

But for large size core type transformers, round (or) circular cylindrical coils
are used which are so wound as to fit over a cruciform core section as shown
in Figure 2.32.

/— Core

Figure 3.45 Core type transformer

The circular cylindrical coils are used in most of core-type transformer
because of their mechanical strength. Such cylindrical coils are wound in
helical layers with the different layers insulated from each other by paper,
cloth, mica board (or) cooling ducts.



Shell-Type Transformers

In these case also, the coils are form-wound but are multi-layer disc type
usually wound in the form of pancakes. The different layers of such multi-
layer disc are insulated from each other by paper. The complete winding
consists of stacked disc with insulation space between the coils-the spaces
forming horizontal cooling and insulating ducts. A shell type transformer
may have a simple rectangular form as shown in Figure 2.33.

W mdmg._,

\ \ e
=

Figure 3.46 Shell type transformer

HV
Winding

A very commonly used shell type transformer is the one known as Berry
Transformer so called after the name of its designer and is cylindrical in
form. The transformer core consists of laminations arranged in groups
which radiate out from the centre as shown in Figure 3.47.

Cylindrical
winding

Magnetic
Core

Figure 3.47 Berry type transformer

It may be pointed out that cores and coils of transformers must be provided
with rigid mechanical bracing in order to prevent movement and possible
insulation damage.



Good bracing reduces vibration and the objectionable noise-a humming
sound- during operation.

The spiral-core transformer employs the newest development in core
construction. The core is assembled of a continuous strip (or) ribbon of
transformer steel wound in the form of a circular (or) elliptical cylinder. Such
construction allows the core flux to follow the grain of the iron.

Transformers are generally housed in lightly-fitted sheet-metal, tank filled
with special insulating oil. This oil has been highly developed and its function
is two-fold.

SINGLE PHASE TRANSFORMER

A transformer is a static device, which transfer electric power from one
circuit to another circuit without change in frequency.

Principle of Operation

The transformer operates on mutual induction principle. It states that when
two coils are inductively coupled and if current in the one coil is changed
uniformly then an emf induced in the other coil.

Primary—— = — Secondary
winding B o s il 1157 winding
i iy
I
al [ u
AC i ITEN, [Load]
supply 1 4! <
! 14 Iron Core
Flux

Figure 3.40 Transformer basic diagram

The Figure 3.40 shows the basic transformer diagram. It consists of two coils
they are primary and secondary windings. The primary winding is
connected in the input power supply and other winding is connected to the
load. This winding is secondary winding. The primary winding has
N: number of turns while secondary winding has N, number of turns.



AC @ ; Load
supply N l l N,

Figure 3.41 Electrical diagram of transformer

When the primary winding is excited by an AC voltage, it circulated an AC
current. This current produces a flux (¢) which completes its path through
common magnetic core. This alternating flux links with the secondary
winding. According to Faraday's law of an electromagnetic induction, the
secondary winding induces the emf. There is no electrical contact between
the two windings.

CONSTRUCTION OF THREE PHASE INDUCTION MOTORS
The induction motor consists of two main parts (i) Stator (ii) Rotor

Stator

The stator is made up of a number of stampings with alternate slot and tooth.
Stampings are insulated from each other. Each stamping is 0.4 to 0.5 mm
thick. Number of stampings are stamped together to build the stator core.
The stator core is then fitted in a casted or fabricated steel frame. The slots
house the three-phase winding called stator winding.

It may be connected either in star or delta. The stator winding is made for a
fixed no of poles. Fig.3.85 shows the stator lamination.



Stator stamping

Figure 3.85

Rotor

Two types of rotors are

i) Squirrel cage rotor

ii) Slip ring or wound rotor
i) Squirrel cage rotor

Rotor copper ber

Figure 3.86

Fig.3.86 shows a squirrel cage rotor. This is made up of a cylindrical
laminated core with slots to carry the rotor conductors.

The rotor conductors are heavy bars of copper or aluminium short circuited
at both ends by end rings. Hence this rotor is called short circuited rotor. The
entire rotor resistance is very small. External resistance cannot be connected
in the rotor circuit such motors are extremely rugged in construction.

ii) Slip ring or wound rotor



Stator k el
o
LA |
\ “Shaft
\f
B ‘
Stator winding Rotor winding
External
resistance
Figure 3.87

Fig. 3.87 shows a slip ring or wound rotor. In this of rotor windings are
similar to the stator winding. The rotor winding may be star of delta
connected, distributed winding, wound for as many numbers of poles as the
stator. The three phases are brought out and connected to slip rings mound
on the rotor shaft. Variable external resistance can be connected in the rotor
circuit with the help of blushes and slip rings arrangements. By varying the
external resistance in the rotor circuit, the motor speed and torque can be
controlled.

PRINCIPLE OF OPERATION OF 3® INDUCTION MOTOR

Three phase supply is given to the stator windings. Due to this, current flows
through the stator winding. This current is called stator current. It produces
arotating magnetic field in the space between stator and rotor. Synchronous
speed is produced by this field.

N, = 120f/P

The rotating magnetic field cutting the rotor conductors, an emf is induced
in the rotor. If the rotor winding is shorted then the induced emf produces
current. this current produces a rotor field.

The interaction of stator and rotor field develops torque. Then the rotor
rotates in the same direction as the rotating magnetic field. When the rotor
is standstill, the frequency rotor emf is equal to the supply frequency.

As the rotor speed increases, the frequency of rotor emf and the magnitude
of rotor emf decreases.



The rotor tries to each up with the rotating magnetic field. But the rotor
could not rotate at the synchronous speed. Therefore, the rotor runs at a
speed slightly less than the synchronous speed.

The difference between synchronous speed and rotor speed is called the slip
speed.

Slip speed = Ns- N

Slip (S) =Ns- N/ Ns

N = N;s (1-S)

% Slip = Ns - N/Nsx 100

Atno load the difference between synchronous speed and rotor is only about
1%

Squirrel cage induction motor

Advantages

Cheaper, light weight, higher efficiency, less maintenance
Disadvantages

Moderate starting torque, there is no external resistance in the rotor circuit,
so the starting torque cannot be controlled.

Applications

Lathes, drilling machines, fans, blowers, water pumps, grinders, printing
machines etc

Slip ring induction motor
Advantages

Starting torque can be controlled by varying the rotor circuit resistance,
speed is also controlled

Disadvantages



Heavier in size, high cost, high rotor inertia, high speed lamination,
maintenance and reliability problems due to brushes and slip rings.

Applications
Lifts, hosts, cranes, elevators, compressors etc

Construction of an Alternator

The main components of an alternator or synchronous generator are rotor
and stator. The main difference between rotor and stator is, the rotor is a
rotating part and stator is not a rotating component means it is a stationary
part. The motors are generally run by rotor and stator.

2 Pole Rotor %

C N
= Excitatio
xcitation
! T Voltage

Field Winding

Stator Winding

= ©Elprocus.com

The stator word based on the stationary and the rotor word based on the
rotating. The construction of the stator of an alternator is equal to the
construction of the stator of an induction motor. So induction motor
construction and synchronous motor construction are both are same. Thus
the stator is the stationary part of the rotor and the rotor is the component
that rotates inside of the stator. The rotor is located on the stator shaft and
the series of the electromagnets arranged in a cylinder causing the rotor to
rotate and create a magnetic field. There are two types of rotors they are
shown in the below figure.



Types of Rotors

{ : :
Salient Pole Cylindrical
Rotor Pole rotor type
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Salient Pole Rotor

The meaning of the salient is projecting outward, which means the poles of
the rotor are projecting outward from the centre of the rotor. There is a field
winding on the rotor and for this field winding will use DC supply. When we
pass the current through this field winding N and S poles are created. The
salient rotors are unbalanced so the speeds are restricted. This type of rotor
used in hydro stations and diesel power stations. The salient pole rotor used
for low-speed machines approximately 120-400rpm.

Cylindrical Rotor

The cylindrical rotor is also known as a non-salient rotor or round rotor and
this rotor is used for high-speed machines approximately 1500-3000 rpm
and the example for this is a thermal power plant. This rotor is made up of a
steel radial cylinder having the number of slots and in these slots, the field
winding is placed and these field windings are always connected in series.
The advantages of this are mechanically robust, flux distribution is uniform,
operates at high speed and produces low noise.

An AC motor comes in many shapes and sizes, but we can’t have an AC
without a rotor and stator. The rotor is made up of a cast iron and the stator
is made up of silicon steel. The prices of the rotor and stator depend on the
quality.

Working Principle of Alternator

All the alternators work on the principle of electromagnetic induction.
According to this law, for producing the electricity we need a conductor,


https://www.pcbway.com/QuickOrderOnline.aspx?from=elprocus2023Da

magnetic field and mechanical energy. Every machine that rotates and
reproduces Alternating Current. To understand the working principle of the
alternator, consider two opposite magnetic poles north and south, and the
flux is traveling between these two magnetic poles. In the figure (a)
rectangular coil is placed between the north and south magnetic poles. The
position of the coil is such that the coil is parallel to the flux, so no flux is
cutting and therefore no current is induced. So that the waveform generated
in that position is Zero degrees.

-7 ........ ; ;-'_ ........
" 3 N| lee=rdes | ®
Figure(b)
;D
N s N f I j s
B |/ C
Figure(c) Figure(d)
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If the rectangular coil rotates in a clockwise direction at an axis a and b, the
conductor side A and B comes in front of the south pole and C and D come in
front of a north pole as shown in figure (b). So, now we can say that the
motion of the conductor is perpendicular to the flux lines from N to S pole
and the conductor cuts the magnetic flux. At this position, the rate of flux
cutting by the conductor is maximum because the conductor and flux are
perpendicular to each other and therefore the current is induced in the
conductor and this current will be in maximum position.

The conductor rotates one more time at 90° in a clockwise direction then the
rectangular coil comes in the vertical position. Now the position of the
conductor and magnetic flux line is parallel to each other as shown in figure
(). In this figure, no flux is cutting by the conductor and therefore no current
is induced. In this position, the waveform is reduced to zero degrees because
the flux is not cutting.



In the second half cycle, the conductor is continued to rotate in a clockwise
direction for another 90°. So here the rectangular coil comes to a horizontal
position in such a way that the conductor A and B comes in front of the north
pole, Cand D come in front of the south pole as shown in the figure (d). Again,
the current will flow through the conductor that is currently induced in the
conductor A and B is from point B to A and in conductor C and D is from point
D to C, so the waveform produced in opposite direction, and reaches to the
maximum value. Then the direction of the current indicated as A, D, C and B
as shown in figure (d). If the rectangular coil again rotates in another
900 then the coil reaches the same position from where the rotation is
started. Therefore, the current will again drop to zero.

In the complete cycle, the current in the conductor reaches the maximum
and reduces to zero and in the opposite direction, the conductor reaches the
maximum and again reaches zero. This cycle repeats again and again, due to
this repetition of the cycle the current will be induced in the conductor
continuously.

A 900

360°

[y

0°

©Elprocus.com

This is the process of producing the current and EMF of a single-phase. Now
for producing 3 phases, the coils are placed at the displacement of 1200 each.
So the process of producing the current is the same as the single-phase but
only the difference is the displacement between three phases is 12009. This is
the working principle of an alternator.

Applications
The applications of an alternator are

o Automobiles
o Electrical power generator plants
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o Marine applications
o Diesel electrical multiple units
« Radiofrequency transmission

PERMANENT MAGNET MOVING COIL (PMMC()

[t is used only for the measurement of DC.

It consists of 'U' shaped permanent magnet, Aluminium former is placed in
the gap between the poles. Former is cylindrical or rectangular in shape.
current carrying coil is wound on the former coil is made from enamelled or
silk covered 'cu’. Iron core is located inside the former core is used to provide
a low reluctance flux path, so it helps to produce strong magnetic field for
the coil to move.
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Aluminium former

-
Permanent _- 6:5
T \<>\
magnet 2 :> Hair spring

| [&— Jewel bearing

Iron
core

Permanent

magnet Moving coil

Figure 5.6 PMMC

This arrangement increases the deflecting Torque (T.) and also the
sensitivity of the instrument.



Nowadays permanent magnet is replaced by Alcomax or Alnico. This
magnetic material has small length and high field intensities. These
materials also serve as core.

The spindle is supported by Jewel bearing. In some case, to eliminate bearing
friction, ribbon suspension is used.

The construction of PMMC is similar to d'Arsonval galvanometer with a
difference. The lamp & mirror arrangement is replaced by a pointer and a
scale in PMMC.
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Figure 5.7 Current flow diagram

Flux density near the pole tips is smaller than the flux density at the centre
and the magnetic field is not radial near the pole tips. This is called fringing
field. So the coil is alligmed at the centre and not on the fringing field.

Control torque is provided by two hair springs attached to the spindle one at
the top & another at the bottom side. Spring is made up of phosphor bronze.
Current enters and leaves the instrument through these springs.

Damping torque is produced by the eddy current in the Aluminium former
in the case where PMMC is used for voltage measurement.

In case of ammeter measurement, PMMC is made from non-metallic former,
so damping torque is provided by low resistance, connected across the coil.



When the polarity is reversed, the torque is developed in the opposite
direction the meter does not allow the deflection in the opposite direction
and the pointer reads zero. Therefore, polarity should be maintained with
this PMMC instrument.

Principle:

When supply is given to the coil, current flows through it. The current
carrying coil is placed in a magnetic field, by faraday's law the coil
experiences a force. This force produces a torque and deflects the coil.

Meter range:

If the measuring current is less than 20mA, the whole current is allowed to
pass through the coil, otherwise coil is shunted with a resistor.

The voltage drop across the DC ammeter is 0.50mV, or 0 to 100mV.

DC voltmeter: Normally allows mA to pass through for full scale deflection.
MOVING IRON (MI) INSTRUMENT

It is the commonly used, accurate instrument for both AC and DC
measurement. It is divided into two types 1. attraction type and 2. Repulsion
type. Moving Iron Instrument consist of a stationary coil which is excited by
the current or voltage under measurement. It also consists of a plate or vane
of soft iron in case of attraction type in case of repulsion type, two vanes are
present.

Vane forms the moving element of the instrument and moves in a magnetic
field produced by a stationary coil.

Principle:

Supply is given to the stationary coil it becomes Electromagnet vane moves
to increase the flux of the electromagnet because vane tries to occupy a
position of minimum reluctance.

Inductance a 1/reluctance



Thus, a force is developed for getting high inductance. This force gives the
deflecting torque.

Types:

Attraction type MI instrument

Pointer
Coil
winding
A :
Terminal Ty e— ;:fn";‘:r"g
Balance h:or:‘i‘ng
weight
Control
weight
Terminal Tp e—!

Figure 5.8 Attraction type moving iron instrument

The flat stationary coil forms the narrow slot like opening. moving element
is a flat disc or plate.

When current flows through the coil, magnetic field is produced around the
coil. moving Iron moves from weaker field to stronger field side.

For control torque this instrument uses spring. In panel type, vertical
mounted case uses gravity control for T. Damping is provided by air friction
damping.

Repulsion Type

Two vanes are present inside the stationary coil, one vane is fixed and
another vane is movable.

Both vanes are similarly magnetised when the current flows through the
stationary coil, so repulsion occurs between the two vanes.



This type is divided into two
1. Radial vane type and

2. Co-axial vane type.

In radial vane type, vanes are radial strips of Iron.




In co-axial vane type, vanes are sections of co-axial cylinders.

T.is provided by spring and by gravity control for vertically mounted
instrument.

Air friction damping is used.

Eddy current damping is not used because operating magnetic field is very
weak.

Construction of Wheatstone Bridge:

The below shows the circuit connections of Wheatstone Bridge. It consists
of four arms in which four resistances are connected (one in each arm). A
source emf and null detector (galvanometer) are connected between points
AC and BD respectively.

Ratio arms B

Unknown
Resistance

Standard
Resistance

E
[1]1]s

The arms with resistances R1 and Ry are called ratio arms. The resistance
R3 is the standard arm resistance and R4 is the unknown resistance to be
measured.

Working of Wheatstone Bridge:

The principle of working of Wheatstone Bridge is on the null deflection or
null indication i.e., when the bridge is balanced the ratio of their resistances
are equal and no current flows through the galvanometer.



If the bridge is unbalanced there will be a potential difference between B
and D, which causes a current to flow through the galvanometer. In order
to achieve a balanced condition, the known resistance and variable
resistance should be varied. The basic circuit of the Wheatstone bridge is
shown below.

0y

A / <> C
\Iz Va
\D/
i

o P =Resistance of arm AB
e Q = Resistance of BC
e R = Resistance of AD
« S =Resistance of CD
o E =Source (battery)

e G = Galvanometer (detector).

The bridge is said to be balanced, when the potential difference between
points A and B is equal to the voltage across points A and D (i.e., the
potential difference across the galvanometer or BD is zero). Hence, no
current flows through the galvanometer, thus the no deflection in it (null-
deflection).
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UNIT III
ENERGY RESOURCES, ELECTRICITY BILL & SAFETY MEASURES

Energy Resources: Conventional and non-conventional energy resources, Layout and
operation of various Power Generation systems: Hydel, Nuclear, Solar & Wind power
generation.

Electricity bill: Power rating of household appliances including air conditioners, PCs,
Laptops, Printers, etc. Definition of “unit” used for consumption of electrical energy, two-
part electricity tariff, calculation of electricity bill 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 its
types, Safety Precautions to avoid shock.

ENERGY RESOURCES

Generation of Electrical Energy:

Conversion of energy available in different forms in nature into electrical energy is
known as “Generation of Electrical Energy”.
Sources of Energy:

Since electrical energy is produced from energy available in various forms in nature,
it is desirable to look into the various sources of energy. These sources of energy are:

1. Non-Renewable or Conventional Energy Sources

2. Renewable or Non-Conventional Energy Sources
Non-Renewable or Conventional Energy Sources:

The Energy Sources which are Eventually Exhausted or run out are called Non-
Renewable or Conventional Energy Sources. Hence Non-renewable resources are the
resources found by humans as a source of energy, and such resources cannot be replenished.
Eg: Fossil Fuels such as Coal, Gas, Oil, Petroleum etc.

Renewable or Non-Conventional Energy Sources:

The Energy Sources which are Eventually cannot Exhausted or run out are called
Renewable or Non-Conventional Energy Sources. Hence Renewable energy comes from
sources or processes that are constantly replenished.

Eg: Solar Energy, Wind Energy, Tidal Energy, Geothermal Energy, Ocean thermal Energy,
Biogas and Wave Energy.
GENERATING STATIONS:

Bulk electric power is produced by special plants known as Generating Stations or
Power Plants. A generating station essentially employs a prime mover coupled to an
alternator for the production of electric power. The prime mover (e.g., steam turbine, water
turbine etc.) converts energy from some other form into mechanical energy. The alternator
converts mechanical energy of the prime mover into electrical energy. The electrical energy
produced by the generating station is transmitted and distributed with the help of conductors
to various consumers. It may be emphasised here that apart from prime mover-alternator
combination, a modern generating station employs several auxiliary equipment and
instruments to ensure cheap, reliable and continuous service.

Depending upon the form of energy converted into electrical energy, the generating
stations are classified as under:

() Steam power stations or Thermal Power Plant (1) Hydroelectric power stations
(1if) Diesel power stations (iv) Nuclear power stations
HYDRO-ELECTRIC POWER STATION (OR) HYDEL POWER PLANT:

A generating station which utilises the potential energy of water at a high level for the

generation of electrical energy is known as a hydro-electric power station.
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The constituents of a hydro-electric plant are
1. Hydraulic structures

(a) Dams (b) Spillways (c) Head works (d) Surge Tank (e) Penstocks
2. Water turbines and
3. Electrical equipment

Hydro-electric power stations are generally located in hilly areas where dams can be
built conveniently and large water reservoirs can be obtained. In a hydro-electric power
station, water head is created by constructing a dam across a river or lake. From the dam,
water is led to a water turbine.

The water turbine captures the energy in the falling water and changes the hydraulic
energy (i.e., product of head and flow of water) into mechanical energy at the turbine shaft.
The turbine drives the alternator which converts mechanical energy into electrical energy.
Hydro-electric power stations are becoming very popular because the reserves of fuels (i.e.,
coal and oil) are depleting day by day. They have the added importance for flood control,
storage of water for irrigation and water for drinking purposes.

Spillways: There are times when the river flow exceeds the storage capacity of the reservoir.
Such a situation arises during heavy rainfall in the catchment area. In order to discharge the
surplus water from the storage reservoir into the river on the down-stream side of the dam,
spillways are used.

Head works: The head works consists of the diversion structures at the head of an intake.
They generally include booms and racks for diverting floating debris, sluices for by-passing
debris and sediments and valves for controlling the flow of water to the turbine.

Surge Tank: A surge tank (open from top) is built just before the valve house and protects
the penstock from bursting in case the turbine gates suddenly close due to electrical load
being thrown off. When the gates close, there is a sudden stopping of water at the lower end
of the penstock and consequently the penstock can burst like a paper log. The surge tank
absorbs this pressure swing by increase in its level of water.

Although a hydro-electric power station simply involves the conversion of hydraulic
energy into electrical energy, yet it embraces many arrangements for proper working and
efficiency. The schematic arrangement of a modern hydro-electric plant is shown in Fig (1).
The dam is constructed across a river or lake and water from the catchment area collects at
the back of the dam to form a reservoir. A pressure tunnel is taken off from the reservoir and
water brought to the valve house at the start of the penstock. The valve house contains main
sluice valves and automatic isolating valves. The former controls the water flow to the power
house and the latter cuts off supply of water when the penstock bursts. From the valve house,
water 1s taken to water turbine through a huge steel pipe known as penstock. The water
turbine converts hydraulic energy into mechanical energy. The turbine drives the alternator
which converts mechanical energy into electrical energy.
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Reservoir

@Surge tank

Fig (1): Schematic Arrangement (or) Layout of Hydro Power Plant

Advantages:
1. It requires no fuel as water is used for the generation of electrical energy.
2. Itis quite neat and clean as no smoke or ash is produced.
3. It requires very small running charges because water is the source of energy which is
avail-able free of cost.
4. It is comparatively simple in construction and requires less maintenance.
5. It does not require a long starting time like a steam power station. In fact, such plants
can be put into service instantly.
6. It is robust and has a longer life.
7. Such plants serve many purposes. In addition to the generation of electrical
energy, they also help in irrigation and controlling floods.
8. Although such plants require the attention of highly skilled persons at the time
of construction, yet for operation, a few experienced persons may do the job well.
Disadvantages:
1. It involves high capital cost due to construction of dam.
2. There is uncertainty about the availability of huge amount of water due to dependence
on weather conditions.
3. Skilled and experienced hands are required to build the plant.
4. It requires high cost of transmission lines as the plant is located in hilly areas which

are quite away from the consumers.

Choice of Site for Hydro-electric Power Stations:

The following points should be taken into account while selecting the site for a hydro-

electric power station:

1. Availability of water:

Since the primary requirement of a hydro-electric power station is the availability of huge
quantity of water, such plants should be built at a place such as river, canal where adequate
water is available at a good head.

2. Storage of water:
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There are wide variations in water supply from a river or canal during the year. This makes it
necessary to store water by constructing a dam in order to ensure the generation of power
throughout the year. The storage helps in equalising the flow of water so that any excess
quantity of water at a certain period of the year can be made available during times of very
low flow in the river. This leads to the conclusion that site selected for a hydro-electric plant
should provide adequate facilities for erecting a dam and storage of water:

3. Cost and type of land:

The land for the construction of the plant should be available at a reasonable price. Further,
the bearing capacity of the ground should be adequate to with-stand the weight of heavy
equipment to be installed.

4. Transportation facilities:

The site selected for a hydro-electric plant should be accessible by rail and road so that
necessary equipment and machinery could be easily transported.

NUCLEAR FISSION:

Nuclear Fission is a reaction in which the nucleus of a heavy atom bombarded with neutron,
splits in to two or more light nuclei with a release of huge amount of energy in the form of
heat.

Eg:
2330 + dn='4Ba + 2Kr + 3jn + Q
25U +n="8La+5Br+2jn+Q

CHAIN REACTION:
A chain reaction is a sequence of Nuclear Fission reactions where a reactive
product or by-product causes additional reactions to take place.
A chain reaction refers to a process in which neutrons released in fission produce

an additional fission in at least one further nucleus. This nucleus in turn produces neutrons,
and the process repeats. The process may be controlled (nuclear power) or uncontrolled
(nuclear weapons).

Slow neutron

Fission
fragment

Fission
fragment

Fission
fragment

Decays to

Neptunium 239 Resonance

4

and then to capture by U 298
plutonium 239 U

Fig(2):Controlled Chain Reaction
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Nuclear Power Station:

A generating station in which nuclear energy is converted into electrical energy is known as a
nuclear power station.

In nuclear power station, heavy elements such as Uranium (U235) or Thorium
(Th232) are subjected to nuclear fission in a special apparatus known as a reactor. The heat
energy thus released is utilized in raising steam at high temperature and pressure. The steam
runs the steam turbine which converts steam energy into mechanical energy. The turbine
drives the alternator which converts mechanical energy into electrical energy. The most
important feature of a nuclear power station is that huge amount of electrical energy can be
produced from a relatively small amount of nuclear fuel as compared to other conventional
types of power stations. It has been found that complete fission of 1 kg of Uranium (U235)
can produce as much energy as can be produced by the burning of 4,500 tons of high grade
coal. Although the recovery of principal nuclear fuels (i.e., Uranium and Thorium) is difficult
and expensive, yet the total energy content of the estimated world reserves of these fuels are
considerably higher than those of conventional fuels, viz., coal, oil and gas. At present,
energy crisis is gripping us and, therefore, nuclear energy can be successfully employed for
producing low cost electrical energy on a large scale to meet the growing commercial and
industrial demands.

The schematic arrangement of a nuclear power station is shown in Fig(3). The whole
arrangement can be divided into the following main stages:

(1) Nuclear reactor (i1) Heat exchanger (ii1) Steam turbine (iv) Alternator
(i) Nuclear reactor:

It is an apparatus in which nuclear fuel (U235) is subjected to nuclear fission.
It controls the chain reaction that starts once the fission is done. If the chain reaction is not
controlled, the result will be an explosion due to the fast increase in the, energy released. A
nuclear reactor is a cylindrical stout pressure vessel and houses fuel rods of Uranium,
moderator and control rods as shown in Fig(4). The fuel rods constitute the fission material
and release huge amount of energy when bombarded with slow moving neutrons. The
moderator consists of graphite rods which enclose the fuel rods. The moderator slows down
the neutrons before they bombard the fuel rods. The control rods are of cadmium and are
inserted into the reactor. Cadmium is strong neutron absorber and thus regulates the supply of
neutrons for fission. When the control rods are pushed in deep enough, they absorb most of
fission neutrons and hence few are available for chain reaction which, therefore, stops.

However, as they are being withdrawn, more and more of these fission neutrons
cause fission and hence the intensity of chain reaction (or heat produced) is increased.
Therefore, by pulling out the control rods, power of the nuclear reactor is increased, whereas
by pushing them in, it is reduced. In actual practice, the lowering or raising of control rods is
accomplished automatically according to the requirement of load. The heat produced in the
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reactor is removed by the coolant, generally a sodium metal. The coolant carries the heat to
the heat exchanger.
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Fig(3):Schematic Arrangement (or) Layout of Nuclear Power Station
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(ii) Heat exchanger: The coolant gives up heat to the heat exchanger which is utilised in
raising the steam. After giving up heat, the coolant is again fed to the reactor.

(iii) Steam turbine: The steam produced in the heat exchanger is led to the steam turbine
through a valve. After doing a useful work in the turbine, the steam is exhausted to
condenser. The condenser condenses the steam which is fed to the heat exchanger through
feed water pump.

(iv)Alternator: The steam turbine drives the alternator which converts mechanical energy
into electrical energy. The output from the alternator is delivered to the bus-bars through
transformer, circuit breakers and isolators.

Advantages:

(i) The amount of fuel required is quite small. Therefore, there is a considerable saving in the
cost of fuel transportation.

(i) A nuclear power plant requires less space as compared to any other type of the same size.
(111) It has low running charges as a small amount of fuel is used for producing bulk electrical
energy.

(iv) This type of plant is very economical for producing bulk electric power.

(v) It can be located near the load centres because it does not require large quantities of water
and need not be near coal mines. Therefore, the cost of primary distribution is reduced.
(vi)There are large deposits of nuclear fuels available all over the world. Therefore, such
plants can ensure continued supply of electrical energy for thousands of years.

(vii) It ensures reliability of operation.

Disadvantages:

(1) The fuel used is expensive and is difficult to recover.

(i) The capital cost on a nuclear plant is very high as compared to other types of plants.

(111) The erection and commissioning of the plant requires greater technical know-how.
(iv)The fission by-products are generally radioactive and may cause a dangerous amount of
radioactive pollution.

(v) Maintenance charges are high due to lack of standardization. Moreover, high salaries of
specially trained personnel employed to handle the plant further raise the cost.

(vi) Nuclear power plants are not well suited for varying loads as the reactor does not respond
to the load fluctuations efficiently.

(vii) The disposal of the by-products, which are radioactive, is a big problem. They have
either to be disposed off in a deep trench or in a sea away from sea-shore.

Selection of Site for Nuclear Power Station:

The following points should be kept in view while selecting the site for a nuclear power
station:

(i) Availability of water: As sufficient water is required for cooling purposes, therefore, the
plant site should be located where ample quantity of water is available, e.g., across a river or
by sea-side.

(ii) Disposal of waste: The waste produced by fission in a nuclear power station is generally
radioactive which must be disposed off properly to avoid health hazards. The waste should
either be buried in a deep trench or disposed off in sea quite away from the sea shore.
Therefore, the site selected for such a plant should have adequate arrangement for the
disposal of radioactive waste.

(iii) Distance from populated areas: The site selected for a nuclear power station should be
quite away from the populated areas as there is a danger of presence of radioactivity in the
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atmosphere near the plant. However, as a precautionary measure, a dome is used in the plant
which does not allow the radioactivity to spread by wind or underground waterways.

(iv)Transportation facilities: The site selected for a nuclear power station should have
adequate facilities in order to transport the heavy equipment during erection and to facilitate
the movement of the workers employed in the plant.

POWER RATING (OR) WATTAGE:

Power rating of household appliances The Rating of an electrical appliance indicates
the voltage at which the appliance is designed to work and the current consumption at that
voltage. The Power rating of the appliance is related the power it consumes. Every electrical
appliance has a power rating which indicates the amount of electricity required to do work.
This is usually given in watts (W) or kilowatts (kW).

WATTAGE (OR) POWER RATING OF HOME APPLIANCES:

Power consumption is measured in watts. Technically speaking, the more power an
appliance consumes, the higher will be its operating cost. A comprehensive list of the
common household appliances with their minimum and maximum wattage.

MINIMUM MAXIMUM
‘ APPLIANCE WATTAGE WATTAGE
’ 2 Ton Air Conditioner J 1300W 2000W
2 Ton Inverter Air
Conditioner
{ 42 Inch LCD TV 110W .
42 Inch LED TV 90w
| Air Fryer| 500 1500W
OO o

‘ Bread Toaster (4 1200W B—
| Slice)

Coffee maker 800

‘ Computer Monitor - 30W

| Deep Freezer |
| Dehumidifier 240W

100W 450W

Desktop Computer
| Dishwasher | 1500W

Domestic Water ST 1500W
Pump LUV JUUVY



Electric Heater Fan V 3000W

Electric Iron

\ Electric Kettle

| Electric Stove

’ Espresso Coffee
| Machine

|

3000W

AANAAT
‘LIJUO'V J

S W—

Front Load Washing
Machine

2200W

Hair Straightening

ANN\AL
.)‘ 'J U v

Iron

‘ Home Internet Router

Fome prone |

‘ Hot Water Dispenser

| Humidifier | 40W
1400w 2000W
ron | 1000W

Water Filter and 70W
Cooler b
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D

Phone Charger

[
[ Refrigerator

| Set Top Box
] Sewing Machine

Seamron
Toern

Top Loading Washing
Machine

[ Treadmill
| Tube Light

Vacuum Cleaner

ELECTRICAL ENERGY CONSUMPTION:
The Energy consumption of a device is calculated by multiplying the wattage of a
device and operational hours.

Energy consumption = Wattage X operational hours

(OR)
Energy consumption = Power Rating X operational hours

UNIT: The unit of electrical energy consumed is kWh. One kilowatt-hour is the electrical
energy consumed by an electrical appliance of power 1 kW when it is used for one hour.
Therefore,
1kwh =1 unit

CALCULATION OF ELECTRICAL ENERGY CONSUMPTION OF ELECTRICAL
HOME APPLIANCES:

Let us consider different home appliances to calculate approximate total energy
consumption of house per month.
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S.No. | Appliance | watts | Number | Operating | Total | Electrical Energy
Hours/day | wattage | Consumption(kwh)=

TotalwattageXOperating
Hours/1000

| Tube Light 60 10 5 600 =600x 5/1000=3

2 Fan 75 4 8 300 =300x 8/1000=2.4

3 Refrigerator | 200 1 24 200 =200x 24/1000=4.8

4 AC 1000 |1 5 1000 =1000x 5/1000=5

5 Laptop 50 1 2 50 =50x 2/1000=0.1

6 Television 50 | 3 50 =50x 3/1000=0.15

7 Grinders 1000 |1 Y2 1000 =1000x0. 5/1000=0.5

8 Printers 50 1 Y2 50 =50x0. 5/1000=0.025

9 Washing 2000 |1 1 2000 =2000x 1/1000=2

Machine
10 Micro Wave | 1000 |1 1 1000 =1000x 1/1000=1

Total=18.9=19Units or kwh

Total Electrical Energy Consumption/day=19 kwh
Total Electrical Energy Consumption/month= Total Electrical Energy Consumption/day X
No.of days in month

=19 X30 =570 kwh
ELECTRICITY BILL:

Electricity Bill/month= Electrical Energy Consumption/month X rate of charge
(OR)
Electricity Bill/month= Electrical Energy Consumption/month X rate of charge + meter
rent/month

Problems

1. A consumer uses a 10 kW geezer, a 6 kW electric furnace and five 100
W bulbs for 15 hours. (a) How many units (kWh) of electrical energy have
been used.(b) Find Electricity Bill if cost per unit is Rs.2.5.
Solution:
Given that
Load - 1 =10 kW geezer
Load - 2 = 6 kW electric furnace
Load - 3 = 500 watt (five 100 watt bulbs)
Total load = 10kW + 6kW + 0.5kW = 16.5kW
Time taken = 15 hours
Energy consumed = Power in KW x Time in hours

=16.5 x 15 = 247 5 kWh
So, the total energy consumption = 247.5 units
If the cost per unit is 2.5, then the fotal cost of energy consumption or
Electricity Bill is
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Electricity Bill =247.5 x 2.5 = Rs 618.75/-

2. Calculate the monthly electric bill at 50 p/unit for a residential billing
with the following load. Meter rent per month is Rs. 5/-
1) 6 no. of 60 W lamps used 3 h/day
ii) 2 no. of 80 W fans used 6 h/day
iii) 1 no. of 500 W refrigerator works at 80%, 4 h/day
iv) 1 no. of 3/4 h.p motor working at 80% efficiency working 3 h/day to
pump water.
Solution:
Motor Output=3/4 H.P.=0.75 H.P.

=0.75 X 736.36w

=552.27w

=0.55227kw
%Efficiency of a Motor = Output/Input X 100

80= 552.27/Input X 100
Input=552.27 X 100/80

=690.3375w
=0.6903375kw
S.No. | Appliance | Wattage | Number | Operating | Total | Electrical Energy
(w) Hours Wattage( | (or)Total Units
(hr's) w) consumed(kwh)=
Total Wattage X
Operating
Hours/1000
i Lamps 60 6 3 360 360 X3/1000-=1.08
B Fans 80 2 6 160 160 X6/1000=0.96
3 Refrigerator | 500 1 4 500 500 X4/1000=2
4. Motor 690.3375 |1 3 690.3375 | 690.3375
X3/1000=1.882
Electrical Energy (or)Total Units consumed(kwh)/day 5.922kwh/day

Electrical Energy (or)Total Units consumed(kwh)/day=5.922kwh
Electrical Energy (or)Total Units consumed(kwh)/month=5.922 X30
=177 .66kwh

Monthly Electricity Bill= Electrical Energy Consumption/month X rate of charge

+ meter rent/month

=177.66 X0.5+5
=Rs.93.83/-




3.A residential house has the following loads:
i) 10 lamps of 60 W, working for 8 h/day
ii) 6 lamps of 100 W, working for 5 h/day
iii) 5 fans of 80 W, working for 12 h/day
iv) 2 heaters of 100 W, working for 3 h/day
v) 1 1/2 h.p pump set of efficiency 85%, running 2 h/day.
Calculate the monthly electricity bill with rate of rupees 1.35 for first 50
units and 2.15 p for the remaining added Rs. 10 as a meter rent per

month.
Solution:

Motor Output=1 3 HP.=15 HP.
=1.5X736.36w

=1104.90w

=1.10490kw

%Efficiency of a Motor = Output/Input X 100
85= 1104.90/Input X 100
Input=1104.90 X 100/85
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=1299.88w
=1.299kw
S.No. | Appliance | Wattage | Number | Operating | Total | Electrical Energy
(w) Hours Wattage | (or)Total Units
(hr's) (w) consumed(kwh)=

Total Wattage X
Operating
Hours/1000

L Lamps 60 10 8 600 600 X8/1000-=4.8

3 Lamps 100 6 5 600 600 X5/1000=3

2. Fans 80 5 12 400 400X12/1000=4.8

3. Heater 100 2 3 200 200 X3/1000=0.6

4, Pump set 1299.88 1 2 1299.88 1299.88
X2/1000=2.599

Electrical Energy (or)Total Units consumed(kwh)/day 15.799kwh/day

Electrical Energy (or)Total Units consumed(kwh)/day=15.799kwh

Electrical Energy (or)Total Units consumed(kwh)/month=15.799 X30
=473.992kwh

Monthly Electricity Bill= Electrical Energy Consumption/month X rate of charge
+ meter rent/month
=50 X1.35+423.992 X2.15+10

=Rs.989.082/-
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Tariff: The electrical energy generated in generating station is delivered to a large number of
consumers at reasonable rates. The rate at which the electrical energy is supplied to a
consumer is known as tariff.
The objectives of tariff should include:
1. Recovery of cost of generating electrical energy in power stations
2. Recovery of cost of capital investment in transmission and distribution.
3. Recovery of operation and maintenance of supply of electrical energy.
4. A suitable profit on capital investment.
Types of Tariff:
1. Simple Tariff
2. Flat Rate Tariff
3. Blocked Tariff
4. Two-Part Tariff
5. Three-Part Tariff
TWO PART TARIFF:

There are different types of tariff. The consumers who have appreciable maximum
demand for them two-part tariff method is employed. Two Part Tariff When the rate of
electricity energy is charged on the maximum demand of the consumer and the units
consumed is called two part tariff. In this tariff scheme, the total costs charged to the
consumers consist of two components: fixed charges and variable charges. It can be
expressed as:

Total Cost =Rs [A X kW + B X kWh]

Where, Fixed charges - A = charge per kW of max demand
Variable charges - B = charge per kWh of energy consumed.

The fixed charges will depend upon maximum demand of the consumer and the
variable charge will depend upon the energy (units) consumed. The fixed charges are due to
generation, transmission and maintenance.

Advantages:

» It is easily understood by the consumers.

» If a consumer does not consume any energy in a particular month, the supplier will
get the return equal to the fixed charges.

Disadvantages:

» 1f a consumer does not use any electricity, he has to pay the fixed charges regularly.
The maximum demand of the consumer is not determined. Hence, there is error of
assessment of max demand.

» There is always error in assessing maximum demand of the consumer.

Electricity Bill Calculation of electricity bill for low tension domestic consumer is as
follows:
The electricity bill consists of two components: fixed charges and variable charges (running
charges). It can be expressed as:

Total Electricity Bill = A+ B+ Tax

=[b XkW + ¢ X kWh] + Tax

Where, b = charge per kW of max demand

Fixed charges A= Total kW X charge per kW

¢ = charge per kwh of energy consumed

Variable charges B = No of units consumed X rate per unit
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Problems
1. A consumer has a maximum demand of 30KW and No.of units consumed
is 120kwh.Calcultae the Total Electricity Bill if Rs 2 per kwh and Rs 10 per
kw.
Solution:
Fixed charges A= 10x30=Rs300/-
Variable charges B= 2 x120=Rs240/-
Total Electricity Bill=A+B
=300+240-=Rs540/-
2. If the sanctioned load is 3KW then for 1kw it is Rs 85 and above 1kw it
Rs 95 per kw. If the no of units consumed is 120 units for 0O- 50 units - Rs
4.1 per unit, 50- 100 units - Rs 5.55 per unit, 100- 200 units - Rs 7.1
per unit and the Tax is Rs 50.Then find the Total Electricity Bill.
Solution:
Fixed charges A= 1x85 + 2x95=Rs 275
Variable charges B= 50 x4.1 + 50 x 5.55+ 20 x 7.1=Rs 624
Tax=Rs 50
Total Electricity Bill = A+ B+ Tax
= 275+624+50=Rs 949/-

3. Calculate the monthly electric bill at 50 p/unit and Rs10 per Kw for a
residential billing with the following load.
1) 6 no. of 60 W lamps used 3 h/day
ii) 2 no. of 80 W fans used 6 h/day
iii) 1 no. of 500 W refrigerator works at 80%, 4 h/day
iv) 1 no. of 3/4 h.p motor working at 80% efficiency working 3 h/day to
pump water.
Solution:
Motor Output=3/4 H.P.=0.75 H.P.

=0.75 X 736.36w

=552.27w

=0.55227kw
%Efficiency of a Motor = Output/Input X 100

80= 552.27/Input X 100
Input=552.27 X 100/80

=690.3375w
=0.6903375kw
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S.No. | Appliance | Wattage | Number | Operating | Total | Electrical Energy
(w) Hours Wattage( | (or)Total Units
(hr's) w) consumed(kwh)=
Total Wattage X
Operating
Hours/1000
1. Lamps 60 6 3 360 360 X3/1000=1.08
2. Fans 80 2 6 160 160 X6/1000=0.96
3. Refrigerator | 500 1 4 500 500 X4/1000=2
4, Motor 690.3375 |1 3 690.3375 |690.3375
X3/1000-1.882
Electrical Energy (or)Total Units consumed(kwh)/day 5.922kwh/day

Electrical Energy (or)Total Units consumed(kwh)/day=5.922kwh
Electrical Energy (or)Total Units consumed(kwh)/month=5.922 X30
=177 66kwh

Monthly Electricity Bill= Fixed charges+Variable charges
=b XKw+c XKwh
=10 X0.69.3375+ 0.5 X 177.66
=Rs.95.76/-

FUSE:

The electrical equipment is designed to carry a particular rated value of current under normal
conditions. Under abnormal conditions such as short circuits, overload, or any fault; the
current rises above this value, damaging the equipment and sometimes resulting in fire
hazard. Fuses come into operation under fault conditions.

A Fuse is a short piece of metal, inserted in the circuit, which melts when
excessive current flows through it and thus breaks the circuits. Under normal operating
conditions it designed to carry the full load current. If the current increases beyond this
designed value due to any of the reasons mentioned above, the fuse melts, isolating the power
supply from the load.

(a) Desirable characteristics of a Fuse Element:
The material used foe fuse wires must have the following characteristics:
1. Low melting point e.g., tin, lead.
2. High conductivity e.g., copper.
3. Free from deterioration due oxidation e.g., silver.
4. Low cost e.g., tin, copper.
(b) Materials:
Materials used are tin lead or silver having low melting points. Use of copper or iron is
dangerous, though tinned copper may be used.
(c) Types of Fuses: 1.DC Fuses 2.AC Fuses
AC Fuses are classified into following types 1.Low Voltage Fuses
2. High Voltage Fuses
Low Voltage Fuses are classified as
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(i)Round Type Fuse Unit

(11) Re-wireable or kit-Kat Fuse

(iii) High Rupturing Capacity (H.R.C) Cartridge Fuse
High Voltage Fuses are classified as

(1) Cartridge Fuse

(i) Liquid Type Fuse

(i) Metal Type Fuse

(1v) Semiconductor Fuse Units

Brass End Cap Cartridge Fuse Link

Bi-Metal Fuse  Oyter Element
Thermal Control Element

Filling Powder

Fig (5): Schematic Diagram of Fuse

A Fuse consists of conducting wire, which has high resistivity and low melting point.
The thickness of the Fuse wire is determined based on the amount of current flow in the
circuit. If a fault causes a flow of excess Current then a Conductor break the Circuit by
melting or separating it, the thin Conductor used is known as an Electric Fuse. The wire
inside the Fuse melts if there is an occurrence of high Current due to a short Circuit or an
overloaded Circuit. As a result of which the Current stops flowing since the wire has broken.
In order to stop the flow of electricity. Once a Fuse melts, it can be changed or replaced with
a new Fuse. A Fuse is normally made up of elements like zinc, copper, aluminium and silver.

The space within the body surrounding the element is completely packed with a
filling power which may be a chalk, plaster of paris, quartz or marble dust. This filling
material acts as an arc quenching and cooling medium.
Fuse Law:

Fuse law determines the current carrying capacity of a fuse wire. We can establish the
law in the following way.
At steady-state condition that is when fuse carries normal current without increasing its
temperature to the melting limit. That means at this steady state condition, the heat generated
due to the current through fuse wire is equal to heat dissipated from it.

Heat generated = I’R

Where R is the resistance of the fuse wire.

2 L
Heat generated = [“p -
Where, p is the resistivity, [ is the length and a is the cross-sectional area of fuse wire.

l
Heat generated = [2p —7
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Where, d is the diameter of fuse wire.

l
Heat generated = /2K, TR (1)

Where, K, is a constant.
Heat lost o surface area of fuse wire o¢ mdl

Therefore, Heat Lost= Kol i (2)
Where, K is a constant.
Now, Equating (1) and (2), we get,

.
I klgi = k,dl
P=kd...... (3)
Where, k = constant = ’;—2
From Equation (3)
[=kd/2
I =kd'®

This is known as fuse law
Advantages of an Electrical Fuse:
» It is the cheapest form of protection, and it does need any maintenance.
» Its operation is completely automatic and requires less time as compared to circuit
breakers.
» The smaller sizes of fuse element impose a current limiting effect under short-circuit
conditions.
» Its inverse time-current characteristic enables its use for overload protection.
Disadvantages of an Electrical Fuse:
» Considerable time is required in replacing a fuse after the operation.
» The current-time characteristic of a fuse cannot always be correlated with that of the
protective device.
CIRCUIT BREAKER:
A circuit breaker essentially consists of fixed and moving contacts, called electrodes.
Under normal operating conditions, these contacts remain closed and will not open
automatically until and unless the system becomes faulty. The contacts can be opened
manually or by remote control whenever desired. When a fault occurs in any part of the
system, the trip coils of the breaker get energized and the moving contacts are pulled apart by
some mechanism, thus opening the circuits.
The main types of Circuit Breakers are
1. Miniature Circuit Breakers (MCB)
2. Earth Leakage Circuit Breakers (ELCB) or Residual Current Circuit Breaker (RCCB)
3. Oil Circuit Breakers (OCB)
4. Air Blast Circuit Breakers (ACB)
5. Molded Case Circuit Breakers (MCCB)
6. Vacuum Circuit Breakers (VCB)
7. SF6 Circuit Breakers
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MINIATURE CIRCUIT BREAKER (MCB):

Minimum Circuit Breakers are electromechanical devices which protect an electrical
circuit from over currents. Over currents in an electrical circuit may results from short
circuits overload, or faulty design. An MCB is better alternative than fuse, since it does not
require replacement once an overload is detected. AMCB functions by interrupting the
continuity of electrical flow through the circuits once a fault is detected. In simple terms,
MCB is a switch which automatically turns off when the current flowing through it passes the
maximum allowable limit. Generally, MCB is designed to protect against over current and
over temperature faults (over heating).

Working Principle:

There are two contacts - one is fixed and the other is moveable. When the current
exceeds the predefined limit, a solenoid forces the moveable contact to open (i.e., disconnect
from the fixed contact) and the MCB turns off, thereby stopping the current from flowing in
the circuits.

Operation (or) working:

Internal parts of an MCB are shown in Figure (6). It mainly consists of one bi-
metallic strip, one trip coil and one hand operated on-off lever. When the overflow of current
takes place through MCB, the bimetallic strip gets heated and it deflects by bending. The
deflection of the bi-metallic strip or trip bar releases a latch. The latch causes the MCB to
turn off by stopping the flow of the current in the circuit. This process helps to safeguard the
appliances or devices from the hazards happening due to over load or over current. To restart
the flow of current, MCB must be turned ON manually.

i Magnetic Coil » Magnetic Coil

q—plnp Bar Inp Bar
Latch
7 Comacts »” Contacts
A
Latch
Closed MCB open MCB

Fig (6):Internal Parts of MCB
If circuits are overload for a long time, the bi -metallic strip becomes over heated and
deformed. This deformation of bi-metallic strip causes displacement of latch point. The
moving contact of the MCB is so arranged by means of spring, with this latch point, that a
little displacement of latch causes releases of spring and makes the moving contact to move
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for opening the MCB. The current coil or trip coil placed in such a manner that during SC
faults, the MMF of that coil causes its plunger to hit the same latch point and force the latch
to be displaced. Hence, the MCB will open in the same manner.

In the case of short circuit conditions, the current rises suddenly in an unpredictable
way, leading to the electromechanical displacement of the plunger associated with a solenoid.
The plunger hits the trip lever, it causes the automatic release of the latch mechanism by
opening the circuit breaker contacts.

Advantages:

1. MCBs are replacing the re-wireable switch i.e., fuse units for low power domestic and
industrial applications.

2. The MCB is quick work against short circuit up to 10kA,but fuse up to only 3kA.

3. MCB’s is work quickly on overloading and under voltage.

4. The performance of MCB is good in case of Earth Leakage.

5. MCB is reliable.

6. In case of surge current, the MCB has time-delay characteristics, therefore it works
properly.

Disadvantages:

1. The cost of MCB is greater than fuse.

2. The cost of on MCB distribution board is greater than rewire-able fuse board.

3. The risk of overloading of circuits due to unqualified persons operating than is completely
removed.

Comparison between Fuse and Circuit Breaker:

Fuse Circuit Breaker

Its working principle is based on the
electrical or thermal properties of the
conducting materials

It works on the electromagnetism or
switching principle

In case of overload, an indication is An indication is provided whenever
not provided. there is an overload

These are used only once. It can be used several times

It performs only the interruption
operation whereas the detection is
done relay system.

The detection and interruption are
done by the fuse itself

These perform manually or

Perform automatically
automatically

It has a low breaking capacity High breaking capacity

It has a low cost It has a high cost
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EARTHING (or) GROUNDING:

The process of connecting the metallic frame (i.e., non- current carrying part) of
electrical equipment or some electrical part of the system (e.g., neutral point in a star-
connected system, one conductor of the secondary of a transformer, etc.) to the earth (ie.,
soil) is called grounding or Earthing. Connection of the body of electric equipment to the
general mass of the earth by wire of negligible resistance is called Earthing. It brings the
body of the equipment to the zero potential during electric shock. Necessity of Earthing
1. To protect the human beings from danger of shock in case they come in contact with the
charged frame due to defective insulation.

2. It guarantees the safety of electrical appliances and devices from the excessive amount of
electric current.

3. It protects the appliances from high voltage surges and lightning discharge.

4. It provides an alternative path for leakage of current hence protects the equipment.
5. It keeps the voltage constant in the healthy phase

6. It protects the Electric system and buildings from lightning.

7. It avoids the risk of fire in the electrical installation system.

8. To maintain the line voltage constant under unbalanced load condition.

Methods of Earthing:

The various methods of Earthing in common use are

(1) Plate Earthing

(ii) Pipe Earthing

(iii) Rod Earthing

(iv) Strip or Wire Earthing

(i) Plate Earthing:

In this method either a copper plate of 60cm x 60cm x3.18 or GI plate of 60cm x
60cm x 6.35 is used forearthing. The plate is buried into the ground not less than 3m from the
ground level. The earth plate isembedded in alternate layers of coal and salt for a thickness of
15cm as shown in Fig (7). In addition,water is poured for keeping the earth’s electrode
resistance value below a maximum of 5Q. The earth wire issecurely bolted to the earth plate.
A cement masonry chamber is built with a cast iron cover for easy regular maintenance.

» Castiron cover

Cament chamber

for connection Water
Y, —» Funnel with mesh

1 T LA AL :
{ L5 Ground level

Fig(7):Plate Earthing



22| Page

(ii) Pipe Earthing:

Earth electrode made of a GI (galvanized iron) pipe of 38mm in diameter and length
of 2m (depending on the current) with 12mm holes on the surface is placed upright at a depth
of 4.75cm in a permanently wet ground. To keep the value of the earth resistance at the
desired level, the area (15 cm ) surrounding the GI pipe is filled with a mixture of salt and
coal. The efficiency of the earthing system is improved by pouring water through the funnel
periodically. The GI earth wires of sufficient cross-sectional area are run through al2.7mm
diameter pipe (at 60cm below) from the 19mm diameter pipe and secured tightly at the top as
shown in Figure (8).

Earth wire

—» Gl pipe

—»Salt filled structur

» Charcoal

» Gl pipe

A S

Fig (8):Pipe Earthing

When compared to the plate earth system the pipe earth system can carry larger
leakage currents due to larger surface area is in contact with the soil for given electrode size.
This system also enables easy maintenance as the earth wire connection is housed at the
ground levels.

(iii) Rod Earthing:

It is the same method as pipe earthing, A copper rod of 12.5cm (1/2 inch) diameter or
16mm (0.6in)diameter of galvanized steel or hollow section 25mm (1 inch) of GI pipe of
length above 2.5m (8.2 ft) are buried upright in the earth manually or with the help of a
pneumatic hammer. The length of embedded electrodes in the soil reduces earth resistance to
a desired value.

Ground level

Sarth Lead

Earth Pt

Earth Rod

Roots

Fig (9):Rod Earthing
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(iv) Strip or Wire Earthing:

In this method of earthing strip electrodes of cross- section not less than 25mm x
1.6mm (1 in x 0.061n) is buried in a horizontal trench of a minimum depth of 0.5m. If copper
with a cross-section of 25mm x 4mm(lin x 0.151in) is used and a dimension of 3.0 mm2 if it’s
a galvanized iron or steel. If at all round conductors are used, their cross-section area should
not be too small, say less than 6.0mm?2 if it’s a galvanized iron or steel. The length of the
conductor buried in the ground would give a sufficient earth resistance and this length should
not be less than 15m. The electrodes shall be as widely distributed as possible in a single
straight or circular trench radiating from a point. This type of earthing is used where the earth
bed has a rocky soil and excavation work is difficult.

Selection of Earthing or Applications:

The type of earthing to be provided depends on many factors such as type of soil, type
of installation, etc..

The following table helps in selecting a type of earthing for a particular application

S.No Type of Earthing Application

01 Plate earthing Large installations such as transmission towers, all sub-

stations generating stations

02 Pipe earthing e For domestic installations such as heaters. coolers,
refrigerators, geysers, electric iron. etc.

e For 11kV/400V distribution transformers

¢ For induction motors rating upto 100HP

e For conduit pipe in a wall, all wall brackets

03 Rod earthing In areas where the soil is loose or sandy

04 Strip of wire earthing In rocky ares

PERSONAL SAFETY MEASURES:
Electric shock and precautions
An electric shock is the sudden discharge of electricity through a part of the body
when a person comes in contact with electrical equipment. The factors affecting the severity
of shock are
1. Magnitude of the current through the body
2. Path of the current through the body
3. Time for which current is passed through the body
4. Frequency of the current
5. Physical and physiological condition
Precautions against Electric shock
» Avoid water at all times when working with electricity. Never touch or try repairing
any electrical equipment or circuits with wet hands. It increases the conductivity of
the electric current.
» Never use equipment with damaged insulation. The insulation of conductors must be
proper and in good condition.
Earth connection should be maintained in proper condition
Use of the fuses and cables of proper rating.
Use the rubber soled shoes while working.

YV VYV
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Megger tests should be done to check the insulation.

Never touch two different terminals at the same time.

Never remove the plug by pulling wire.

The sockets should be placed at a proper height

Switch off supply and remove the fuses before starting the work with any installation.
Always use insulated screw drivers, and line testers.



SOLAR AND WIND POWER GENERATION
SOLAR ENERGY:

Solar energy has the greatest potential of all the sources of renewable cnergy and
if only a small amount of this form of energy could be used, it will be one of the most
important supplies of energy specially when other sources in the country have depleted.
Energy comes to the earth from the sun. This energy keeps the temperature of the carth
above that in colder space, causes current, in the atmosphere and in ocean, causes the

water cycle and generates photosynthesis in plants.

Applications of Solar Energy:

(1) Heating and cooling of residential building.

(2) Solar water heating.

(3) Solar drying of agricultural and animal products.

(4) Solar distillation on a small community scale.

(5) Salt production by evaporation of seawater or inland brines,
(6) Solar cookers.

(7) Solar engines for water pumping.

(8) Food refrigeration.

(9) Bio conversion and wind energy, which are indirect source of solar energy.
(10) Solar furnaces.

(11) Solar electric power generation by

(1) Solar ponds.
(ii) Steam generators heated by rotating reflectors (heliostat

mirrors), or by tower concept.
(iii) Reflectors with lenses and pipes for fluid circulation (cylindrical

parabolic reflectors).
(12) Solar photovoltaic cells, which can be used for conversion of solar energy

directly into electricity or for water pumping in rural agricultural purposes.
SOLAR POWER GENERATION:

This power plant has photovoltaic cells, as name suggest for power generation.
This power system generates electricity for medium and small size applications like for
domestic purposes, street lights or at some mobile area where electricity supply lines
can’t reach. The main drawback of its initial cost because PV cells are made up silicon as
we know silica/sand is available in abundant on earth but the extraction process is very
costly, which increases the cost of PV cells.
Working Principle:

The sun rays come from the sun in the form of small- small energy packets known
as Quanta’s or photons. These radiations fall on the solar panels. Solar panels are the

combinations of solar cells. A solar cell is the combination of both p-type and n-type
semiconductors both are in contact with each other. When sun rays fall on to the solar



f:cll then electron from the high concentration region i.c. from n-type semiconductor
Jumps towards the low concentration of electron region or electron valency region i.e. p-
type semiconductor region. The diffusion of the electron continuously takes place into the
P-n junction and creates electric field in the form of potential difference. This potential
difference carries out by using some circuits, connecting p-type semiconductor with
positive terminal and n-type with negative terminal.

This power comes out into the form of direct current to convert it into AC inverter
comes into play which converts the DC into AC after that power generated by solar cell
transferred to supply. The supply can be utilized directly or may be stored for later use by
using Li-ion batteries. The working of solar plant continuously done until the sun' light
available after that alternative source or emergency systems comes into play like
generators or power stored systems.

This is the working of solar power plants having photovoltaic’s cells. A domestic solar
power plant has various components which are arranged in proper sequence for
generation and consumption of electricity as shown in Fig(1).

Following are the major components of solar power plant.

1.Solar Panel
2.Inverter
3.Power Storage Device i.e. Battery

1: Extra power is sent to the utility company.
2: Power from the utility company when needed .

/
JESY
Sun Solar Cells Bulb
r—_—-)/
ACto the home 1 )_/
appliances . ,,//; -
C "
1 )
—
Photovoltaic
Arrays £ 2 o -
Solar Panel
wJ

Sunlight excites the solar panel
electrons and produces direct current

Fig(1):Working of Solar Power Plant

Solar Panel: !
Solar panel is made up of solar cell or small photovoltaic cells or we can say that

the combinations of PV cells are known as solar panel. This is the main component in the
solar power plant. All the solar radiation falls on solar panel which converts into
rally..a_solar power plant consists of 30-35 solar cells. We use
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i?;rl.cg‘ill’i;m m&-‘ U[f Ot.sermcondu:zor niztznal e, which is neither metal nor non-
1 1S Dest semiconductor used in the solar call having properties of both

met;ls and non-metals. Solar cells are made up of p-npe b,md n-wp‘- silicen
sem{conductor. Silicon 1s doped by pentavalent iopurnity B i g .i'“-". e
semiconductor which has excess number : I Pravpe

: g of holes or positive charse. this p-tvpe
scrmcond}lctor jomnt with n-type iLe. negative charped Semi:g:ductor. Thl?. p-:\lip:‘ ‘z:ntj !r‘\
type semiconductor together forms a diodz. These cells start working when sun ravs fall
on solar panel which we will study in working procedure. For large pOWer generalion
number of solar panels joins together at large area. Ths output electricity is transferred
through the transmission line at the desired location. '

Inverter:

Solar panel generated D.C. power but most of the time we require AC power
because our most of the electric works better on AC supply so to convert DC into AC we
need some equipment. So, inverter comes into the play which converts DC power supply
from the solar panel into the alternating current supply.

Power Storage Device:

Sun 1s not available at 24 hours 1t i1s the major drawback of the solar power
generation. So, the major requirement of power at night as compare 1o da:\' that's \\lh_\' the
power storage system or device is required. Most of the nme Lit‘hmm-x‘on battenies are
used for power storage. In day time sun is available most of the time ;.»md power
consumption are less. Another method to store energy 15 to llﬁ.lhe water at high “h:mfi‘;
by using solar power and then used it to Tun turbine _\vhen 1t requm‘s.‘lTh-:. Eotfnun
energy of stored water at higher altitude will run the turbine and generates elecmary.



SOLAR CELL:
wn as a photovoltaic cell or PV cell) is defined as an

A solar cell (also kno
clectrical device that converts light energy into electrical cnergy through the photovoltaic

effect. A solar cell is bfzsically 4 p-n juncticn diode. Solar cells are a form of photoslectric

Constructlon of Solar Cell:



o h :.«ﬂ.'ﬂ cell i baucally a4 junction da()d_g, allhuugh its construction it is little bit
differemt from conventional p-n junction diodes. A very thin layer of N-type
sermiconducton is grown on a relatvely thicker P-type semiconductor. A solar cell i;
essential @ PN junction with a large surface area. The N-type matcriz;l is kept thin t
allow light o pass through w the l’f\:junction. ‘ PRSI
B ;‘i’”l':/::;l‘r:jn: (liu not) o'b?zruu light to rcach‘ the thick p-type layer. Just below
K bt ol e n e P"""JU“UI"NI- We also provide a current collecting electrode at

, T IRE bAype layer. We encapsulate the entire assembly by thin glass to
protect the solar cell from any mechanical shock.

% Load

Positive contact

Current collection
91id (metal fingers )\

0'2 'In: n-ﬁ_.;(;—“)ﬂ
1 K
i o ‘pg;on
300 "'"’ , base métenal /
= 4
Li z Diffused layer
Metal cor'»ductor

Fig (3): Construction of Solar Cell

Waorking Principle of Solar Cell: .
A solar cell is essential a PN junction with a large surface area. The N-type

material is kept thin to allow light to pass through to the PN junction. The light energy, in
the form of photons, supplics sufficient energy 1o the junction to create a number of
ectron-hole pairs. The incident light breaks the thermal equilibrium condition of the

el
e free electrons in the depletion region can quickly come to the p-type side of

junction. Th
the junction.



Light vavels i packets of energy called phowns.. “'“’E“"Ulalmn of
Current happens inside the depletion zone of the PN junction, The depletyqy, 'c:::g
explaned previously with the diode is the area around the I‘N Jiction
clectrons from the N-type silicon, have diffused into the holes of l'hc Ptype Mayg,
When 3 photon of light is absorbed by one of these atoms in the N-Type sthicon
dislodge an electron, creating a free electron and a hole. The free election ang hole
sutlicient energy 1o jump out of the depletion zone. If a wire is connected from
cathode (N-type silicon) 10 the anode (P-type silicon) electrons will flow
wire, The
!}nuugh

the disle

throug,
electron is attracted 1o the positive charge of the P-type material and gy

the external Joad (meter) creating a flow of electric current. The hole created
sdged electron is attracted to the negative charge of N-type material and migrat
W the back electrical contact. As the clectron enters the P-type silicon from the bac
clectrical contact it combines with the hole restoring the clectrical neutrality,
Advantages of Solar Cell:

L. No pollution associated with it,

2. It must last for a long time,

3. No mamntenance Ccost,
Disadvantages of Solar Cell:

L. It has high cost of installation
2. It has low efficiency.

3. Dunng cloudy day, the energy
get solar energy.
Uses of Solar Generation Systems:

I. It may be used o charge batteries,
2, Used in light meters,

3. Itis used 1o power calculators and wrist watches,
4. It can be used in spacecraft to provide clectrical enerev.

cannot be produced and also at night we will not



WIND POWER GENERATION:

Wind power or wind ene

rgy is the use of wind to provide mech
through wind turbines o operate

anical power

clectric gencrators,
Wind power is sustainable and re
ol its motion. The wind is cause
variations in the earth's surface,
and vegetation influence w

newable energy. Wind
d by the uneven heating
and rotation of the earth
ind flow patterns. Wind spe

possesscs energy by virtye
of the atmosphere by the
. Mountains, bodies of water,
eds vary based on geography,

sun,
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Wind power is the ¢ . - . . ;
i Wi lu[; };Yu.r I8 the conversion of wind energy into electricity or mechanical energy
l"‘ig(S) ines. The Schematic Arrangement of Wind Power Generation is shown in

Fig (5):The Schematic Arrangement of Wind Power Generation

The device capable of slowing down the mass of moving air is called “Rotor”,
like a sail or propeller, can cxtract part of the cnergy and convert it into useful work.The
spinning blades, attached to a hub and a low-speed shaft, turn along with the blades.The
rotating low-speed shaft is connected to a gearbox that connects to a high-speed shaft on
the opposite side of the gearbox. The rotor turns the drive shaft, which turns an electric
generator. The amount of power transferred is dependent on the rotor size and the wind

speed.

This high-speed shaft connects to an electrical generator that converts the
mechanical energy from the rotation of the blades into electrical energy. Modem wind
turbines are highly evolved machines with more than 8,000 parts that harness wind’s
kinetic energy and convert it into electricity. The generated power transferred to domestic

purpose through grid and distribution system.

WIND TURBINES:

Wind turbines are broadly classified into two categories. They are

1. Horizontal Axis Wind Turbine (HAWT)
2. Vertical Axis Wind Turbine (VAWT)
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Working principle of wind Dower generation

As the free wind stream interacts w
rolor due to w

genera

Lor.

& chahactc.,fs{{f‘-?- O(T wind w

0

®

—

% o o X E coufe anli
P 5 ne adiLLJ, oval (able n ha buoe. g does not .

Pol
Tt

D

ST T

® ©90

oBe

{.

&

e =

& }\t‘.\MOEC.O—%LQ?, .
. ) ] | .
The wind tmesy obtalued s Coct e{;{,«cc
© ) < atU)
Powe, Genesation, Pompml of- w 0
Destred winde ose avatlable O”LE{/ O

\ Prom  ctiey & Ldects - . Ui )
Wind ewesgy (€ Un cteady, (Megulax, intemt

o ) o bad OUS , C[/]ah e -
Dviection D{»— wond.  conttvv bj 1ge8

w =
.

\_—"_——‘/./‘-’

loow

. ' 0 o . szpg[,\&e,’omsho‘ﬁe.
1S clean ¢ mogtus, aug;tabla ‘n many

¢ aeliable P

{jg_w (ocalong Qg —

tent -

~ C 2 t_:—
Adwntoges & Dhadvantages o wind Powerlant =
'/1/1_/_\-—"‘-'—[.—/’“
L

ep
s Shemeat of el SUPPRY

Thene

0 0 ALqQuuth 7
atl ) (% +Himne- JDT}) ftﬁ con Stauckton

g'dgtem, :
Ve},!d, <mall {;Locﬁ,. anea-

Tk Congcumep Le

T (s non- ?dLU’CfM% powen

wind tunbinet occupied

3 RO |y PRI

) e s T R A
“Breadiantager s .
Wg = 0 -

2 ‘e noige (v opant
hie <syctem :

ed amouvnt of- power o prruced -

Pattinl Cost :
wind  powen System Ze high

e

only Wowmit
pl fnvoled Vg Wigh

ST
e oveall weights ©4 1

R

I T T
CRTRT Lo E ol ARSI PSS
ek R Zewrt H] b

ith turbine rotor, it transfers a part of the kinetic energy to the
hich its speed decreases. This difference in kinetic energy is converted into

mechanical power. This mechanical energy is then converted to electrical energy using
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	Working of Wheatstone Bridge:
	let,
	 P = Resistance of arm AB
	 Q = Resistance of BC
	 R = Resistance of AD
	 S = Resistance of CD
	 E = Source (battery)
	 G = Galvanometer (detector).


