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Example.1.3. Find the current | passing through and the voltage across each of the resistors in
the circuit.

R
1 Fyv! 2
-L Ak
+*
8V =, Rz
4 3
Aa
Solution: R = Ri+R;+R;= 3K0Q + 10KO + 5K0 = 18KN 13
v 9
| = Rew =18%10" = 0.5 mA
9
Ve = — 18x 10" x3x10°= 1.5V
R+R+R
V 9

Vez= R + R, + R, R:= 18x10" x10x10'= 5V



Example.1.4. Find the current | passing through and the current passing through each of the
resistors in the circuit below.

i‘u’i
!

._.1._ _1_'* 1 A ] i 1
R, R, 10<10"  2=x10° 1x10°

=0.0016




Example.1.5. Calculate the current supplied by two batteries in the circuit given below

13

Solution:

The four junctions are marked as A, B, C and D. The current through R, is assumed to flow
from A to B and through R from C to B and finally through R; from B to D. With reference
to current directions, polarities of the voltage drop in Ry, R; and R; are then marked as
shown in the figure. Applying KCL to junction B

=0+ ‘rz.....('f]

Applying KVL to loop 1

E-IR-IR=0=E=I1IR+LR,

= 90=10{, +251, 2
Substituting Eq. (1) in Eq. (2)

90 =101, +25(f, + [,) > 90=351 + 251, ... (3)
Applying KVL to loop 2

E,-LR -ILE,=0=E,=LR +R

=126 =51, + 251, ()
Substituting Eq. (1) in Eq. (4)
125 =51, +25(1, + 1,)
=120 = 251, +301,
After solving Eq. (3) & (5) we get
I =-14
I, =54
As the sign of the current |, is found to be negative from the solution, the actual direction of |, is
from B to A to D i.e. 90 V battery gets a charging current of 1 A.

QUESTIONS FOR PRACTICE

Short Answer Questions

Define electric current.

State and explain Ohm's Law.

Define One Ohm.

What is meant by source in electricity?
State and explain Kirchoff's Voltage Law.

gL @M=

14
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DIFFERENCE BETWEEN AC & DC:-

e

A

AC Dc
A
A
Op—-
Allernating Current Direct Current
1. The current which change its 1. The current which does not change its

17
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magnitude & direction periodically (or
at regular interval) is called alternating
current,

2. The direction of flow of electron is
bidirectional

3. It has frequency, like Indian standard
frequency is 50Hz.

4. It's power factor lies between 0 & 1.

5. It's passive parameter is impedance
Combination of Reactance and
Resislance.

6. AC generate from AC generator.

7. Itis represented by sine wave, square
wave, triangular wave efc.

8. Can be transmitted over long distance
with some losses.

9. Their load is resistive, inductive or

capacitive.

Dangerous

Easily convert into direct current by

rectifier.

Application- Factories, Industries and

for the domestic purposes.

10.
1.

12.

magnitude & direction periodically is
called alternating current. i.e the
direction of current remains same.
2. The direction of flow of electron is
unidirectional
3. It has zero frequency.

4, It's power factor is always 1
5. It's passive parameter is resistance.

6. DC generate from DC generator,
battery, solar cell etc.

7. Itisrepresented by straight line i.e it
may be 2 types Pure DC and Pulsating
DC

8. Itcan be transmitted over very long
distance with negligible losses.

9. Their load is usually resistive in nature,

10. Very Dangerous

11. Easily convert into alternating current
by inverter,

12. Application- Electroplating, Electrolysis,
Electronic Equipment etc.

DEFINITIONS RELATED TO AN ALTERNATING VOLTAGE OR CURRENT: -

Instantaneous Valuss
+«§ | —— S8 A A=l mm e
I M Ppsy = Py 0.707
—— 5 - By = Ay @ 0636
- sAmEY ‘._'____' A.,_- A, sin [u!l‘rm! 00"
8 e 2 4x 3x 5= iz
0 & 3 3 3 &
g T 3 E & 3=
& 3 2 3 [-] o I
= md
. ~Arnax
Snusoidal Waafonm
1 Pariodic Tima (T) B

(Fig.2.4. An alternating sin wave)
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1. Instantaneous Value:-

It is defined as the value of alternating quantity at any instant of time, It is represented by i(f)
or v(t),

Ex: vit)= Yy sinfwe +6)

2. Average value::
For an alternating current, the average value is defined as that value of DC current which
transfers across any circuit the same charge as is transferred by the alternating current
during the same time under the same conditions. It is represented by 1., or L,.,.
» There are two methods to calculate average value
i i i method/ graphical method
The average value is defined as the arithmetic average or mean value of all the
values of an alternating quantity aver one cycle
Let iy, iy fgeeienne. I ba the mid ordinates
The Average value of current L = mean of the mid ordinates

111
|
| 1
1
o lCLLLLLL L] s

(Fig.2.8. Average Value of a positive half-cycle)

b A Areaolalternation

I
" n Base

If we consider symmetrical waves like sinusoidal current or voltage waveform,
the positive half cycle will be exactly equal to the negative half cycle. Therefore,
the average value over a complete cycle will be zero.

So the average value is taken for only the positive hall cycle,
ii.  Analytical method

20

Consider a sinusoidal waveform, the average value of alternating current is

! _ _Area under the haif cyole
sug — Lengthof bawi of dalf cycla

"

idd
"nyg =Iﬁ_

I Sind d8
Iﬁi'a =j‘:+

T
favg = F?m[ sind d8
0

1
lavg = ?m [-cos 8]3

2im
oy =2

Hence average value of current = 0,637« maximum value of current (for half cycle)

3.

The RMS value of an alternating current is given by that value of DC current which when
flowing through a given circuit for a given time, produces the same amount of heat as
produced by the alternating current. which when flowing through the same circuit for the
same time,

\ alfect

adli faliLie ATOOL-TTiedl 18

yUUIaTE A%

In other words, the R.M.S value is defined as the square root of means of squares of
instantaneous values. It is represented by Vems or L.

There are two methods calculate RMS value.




i. Mid ordinate method/ graphical method

Let | be the alternating current flowing through a resistor R for time t seconds, which
produces the same amourtt of heat as produced by the direct current (l.). The base of

one alteration is divided into n equal parts so that each interval is of t/n seconds as
shown in the figure below

Let iy, iz i3, ...covoe.n i e the mid ordinates. Then the heat produced in

2

N i B
First interval = -~ calories
Jn

21

¥i

. iy Rt :
Second interval = } calories
If

s iRt :
n" interval = “— calones
In

3 2 2"
Total Heat produced = %{M }‘.ﬂfﬂ!‘fﬂs il 2.4}
n

Since |y is considered as the effective value of this current, then the total heat produced by this
current will be

2
Rt
—";— calorfes ........(2.2)

Now, equating equation (2.1) and (2.2} we will get

LRt R £+ 05+t 1
Fial

ii. Analytical method

RMS value of sinusoidal current {= {_sin ot

[ Foaog

1= i d{et)
vzt |
II 1 i
I = == [ sin” td(wt)
I
b = 2 =0.7071,
V2

4. Form Factor

The form factor is the ratio of RMS value of an alternating quantity to the average value
of the same quantity

AME Valus G707 xmasimum Valus
form factor=

=1.11

AverogeValua T LBAT Kmamimum Value
F.F=1.11 for sinuseidal alternating quantity only

5. Peak factor! crest! amnlitude factor
Hence RMS value of current =0.707 xmaximum value of current

22




. £ Rt ;
Second interval = 2— calories
Jn
- £Re ;
n' interval = -~ calories

Total Heat produced = 7 alories .......(2.1)

n

R‘E[If+1f+ ,,,,,,, 41

Since lgr is considered as the effective value of this curent, then the total heat produced by this
current will be

LRt
——calpries ... (2.2)

Now, equating equation (2.1) and {2.2) we will get

LRt RUE+E+ ot
FoJ

ii. Analytical method

RMS value of sinusoidal current /= {_ sin ot

1 EIIE
1= il J;; d (@)

T

1,
b == | sin” wid(wt
\lzn{- )

i
by =~ = 0.7071,,

Jz

4. Form Factor

The form factor is the ratio of RMS value of an alternating quantity to the average value
of the same quantity

RMS Valus D707 xmasimumValus
form factor=

AverageValus [LES? XmasimurnValue =1n

F.F=1.11 for sinusoidal alternating quantity only

5_ Peak factor! crest/ amnlitude factor
Hence RMS value of cumrent =0.707xmaximum value of current I

22

Peak factor or crest factor of an alternating quantity is the ratio of maximum value (peak
value) to RMS value

Peak fadnr rasximum Vaie maximum Value

RMSValaa T 0707 xrmaximum Vc!ﬂl_1 A4

Example 2.1:- Write down the equation for a sinusoidal voltage of 50 Hz and its peak value is
20 V. Draw the corresponding voltage versus time graph.

Solution

f=50Hz ; V, =20V

Instantaneous Voltage =
v=V_ sinaf
=V, sin2[] fi
= 20sin(2[]x50)¢
= 20sin{2x 3.141x= 50)¢
= 20sin 314¢

Time for one cycle = T= LI 0.02sec
f 50

The waveform is:
[T

ek




Example 2.2:-

The equation for an altemnating current is given by f= 77 sin 314f Find the peak value,
frequency, time period and instantaneous value att = 2 ms.

Solution
i=77sin314L;t=2ms = 210" s
The general equation of an alternating current is i = I, sin wt . On comparison,

(i) Peak value, I, =77 A
(i) Frequency, f= w/Zw=314/2 x3.14 = 50 Hz

23

Time period, T=1/f=150=0.02 s
(iv) Att=2ms,

Instantaneous value,

=77 sin(314x2x107")

i=4524 A

REPRESENT AC VALUES IN PHASOR DIAGRAMS:-

An alternating quantity can be represented using
i) Waveform

ii) Equations

iii} Phasor

A sinusoidal alternating quantity can be represented by a rotating line called a Phasor. A
phasor is a line of definite length rotating in anticlockwise direction at a constant angular
velocity

The waveform and equation representation of an afternating current is as shown. This
Sinusoidal quantity can also be represented using phasors.

i = f_ sin ax
(Fig.2.7. Waveform of alternating quantity)
In phasor form the above wave is writien as I= I 2

Draw a line OP of length equal to In. This line OP rotates in the anticlockwise direction with

a uniform angular velocity w rad/sec and follows the circular trajectory shown in figure. At

any instant, the projection of OP on the y-axis is given by OM=0Psin8 = Insinwt. Hence the line
OP is the phasor representation of the sinusoidal current.

249

e ol see

]

(Fig.2.8. Phasor representation of alternating wave)
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Example 2.3:- A Capacitor of capacitance 79.5pF is connecled in series with a non-inductive
resistance of 30 ohm across a 100V, 50Hz supply. Find (i) impedance (ii) current (iii) phase
angle.

Solution:

1 1
= = =4
FT2afC 2:3.14:50079.54104 e

i) Z= |R?+X,%= 30" +40° =500
. v 100
i) I= TN 24
ii) Phase angle = tan™1() = tan™1(;)= 53
Example 2.4:- A resistance of 20 {1 and inductance of 0.2H and a capacitance of 100pF are

connected in series with 220 volt, 50 Hz mains. Determine (a) impedance (b) current (c) voltage
across R, L. C (d) power in watts and VA (e) p.f. and angle of lag.

Solution

R=200); L=02H. C=10°F
X,=2nfL=02x314=6280=630

x‘=Z-rlE= :H_lm_;ﬂ,ﬁd? =3200; X, - X, = 63-32 = 310 (inductive)
(a) Z=v207 + 317 = 370 (b) | = 220/37= 6A

(€ Va=1xR=6x20=120v: V,=6x63=27BV: V,=6x32=192V

(d) Power in VA = 6x220 = 1320 VA

Power in watts = 6x220x0.54= 713 W

(e) pf. = cos O =§ = i—ﬂ =054; O=cos~1(0.54)=57"18"

Example 2.5:- A 230 V, 50 Hz ac supply Is applied to a coll of 0.06 H Inductance and 2.5 0
resistance connected in series with a 6.8 pF capacitor. Calculate (i) Impedance (ji)

Current (jiij)Phase angle between current and voltage (iv) power factor 42
a7
Solution
Xy =2mfL=2x%3.141 x50 x 0.06 = 18.840hm
1 1
Xe = 46Bohm

= 2rnfc T 2x3.141 x50 x 6.8 % 10-¢
M) Z= J(B +(X;-X.)" =|/(25)° +(1884-468)’ =449.2 ohm

,
BE AT R
(ii) 0 = tan™? (25) = tan—1 (F222) = —89.7°

(iv) power factor = cos0O = cos(—89.7%) = 0.0056lead
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ADVANTAGES

i) It requires no fuel as water is used for the generation of Electrical Energy.

ii) It is quite neat & clean as no smoke or ash is produced.

iii) Running cost is very less as water is used.

iv) It is simple in construction & requires less maintenance.

v) It can be started quality as compared to Thermal Power Station.

vi) In addition to generation of Electrical Energy these plants are also helpful in irmgation &
control of floods.

DISADVANTAGES

i) It involves high capital lost due to construction of dams.

i) Generation depends on average rainfall round the year.
iii) High cost of transmission as these plants are located in hilly areas quite for off from localities.
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CHAPTER - 4
CONVERSION OF ELECTRICAL ENERGY

HTROOUC TION- Ctretnorathaniend LI“-I-"'!" Ganvtniion drviee

A DC machine is a device which converts mechanical energy inlo electncal energy,
When the device ads as a generator mechanical energy is converted inlo electrical energy. On
the other hand when the device acts as a molor, the elecirical energy is converted into
mechanical energy. However, during the conversion process a part of the energy is converled
into heat, which is lost and is not reversible. Thus an electrical machine c.an be made to work

either as a generator or a motor. Wt j
r n-"qh. .I'l't
/ , ot ‘buﬂ'g_l d ¢)
PARTS OF DC MACHINE:- per) qutv® e e M
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b lud . (Fig.4.1. Different Parts of DC Machine)

v
The DC machine consists of tha following essential parts:
y/ua‘ﬁ-neﬂ: frame or Yoke: - Purpose of Yoke is:

(a) it act as a protecting cover for whole machine.

(b} It also provides mechanical support for poles.

(c) It camies the magnetic flux produced by poles
Pole Cores and Pole Shoes: - The field magnets consist of pole cores and pole shoes. The
Pole shoes serve two purposes:
(a) They spread oul the flux in the air gap
(b) They support the exciting coils
Field winding: - The field winding is wound on the pole core with a definite direction. Function
of field winding is to camry currenl due to which pole core on which the winding is placed
behaves as an eleciromagnet, producing necessary flux.
Ammature Core: - Amature core is cylindrical in shape mounted on the shaft, It is made up of
laminated construction to keep eddy current loss as low as possible. Function of armature core
is:



1. Armature core provides house for armature winding i e., armature conductors.
2. To provide a path of low reluctance path 1o the flux it is made up of magnetic material like

iron or casl steel.

L irmalurn Windings or Conductors: - Armature winding is the inter connection of the
armature conductors, placed in the slots provided on the armature core. Function of armature
conductor is:

1. Generation of emf takes place in the armature winding in case of generators.
2. To carry the current supplied in case of dc motors.
3. To do the useful work it the external circuit.

- ommutator: - The function of Commutator is to facilitate 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. The commutator is made up of insulated

segments.

W shes and Bearings: - Brushes are normally made up of soft material like carbon. Brushes

~ are used to collect current from commutator and make il available 1o the stationary external
circuil. Bearings are used for smooth running of the machine.

IFICATION OF DC GENERATOR/MOTOR:-

4

DC generators/motors are usually classified according to the way in which their fields are
excited.
DC generators/motors may be divided into
{a) Separately excited DC generators/imotors
(b) Self-excited DC generators/motors

a) Separately excited DC generators/motors: - Separately excited generators/motors are
those whose field magnets are energized from an independent external source of dc current.
b) Self-excited DC generators/imotors: - Self excited generators/motors are those whose fieid
magnets are energized by the current produced by the generators/motors themselves,

There are three types of self-excited dc generators/motors named according to the manner
in which their field coils (or windings) are connected to the armature.
(i) Shunt wound DC generatorimotor: - In shunt the two windings, field and armature are in
(ii) Series wound DC generatorimotor: - In series type both field and armature winding are in
sefies.
(i) Compound wound DC generator/motor- - There are two types of compound wound DC
generator/motor,

(a) Long shunt compound DC generatorimotor: - The shunt field winding is paraliel with
both armature and series field winding.

(b) Short shunt compound DC generatorimotor: - The shunt field winding is in parallel
with armature winding only.
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(Fig.4.2. Classification of DC machine)

USES OF D.C. GENERATORS:- ulrg exuiabon i
q,:ij}ﬂhunt Generator o WHenss1Y

~ (i) Lighting and Power Supply tvit Giagdant off valleani
(i) Charging batteries. "’/?%L lelina .
{2) Serles Generator El* tueg 1
(i) Boosters. jp cowpendsde Hhe  yoliast drup oy, {eedent
(3) Compound Generator - rongdend wil o P .
(i) Large range load ’F kll”l"“‘ olutl.j‘-‘ﬂ'}
(i) Power Supply o

Ruan Jrye bﬂl-'(i-'i'

USES OF D.C. MOTORS:-
n{1) I‘iurrt Motor -
onstant speed drive
(ii) DAing machine, lathes, elevators, wate
(2) Series Motor = h{-zF- s.lwtﬁﬂa hnlu{,,
{i) Electric Cranes
(i) Electric Trains
(iil) Hoists :
(3) Compound Motor —7 toblant tped +HY
(i) Heavy tool machines
(i) Printing machines

pump, cutting machine.

{Im-}ina {un:u:{vr " *qvfﬂd

TYPES OF SINGLE PHASE INDUCTION MOTOR:-




(1) Split phase motor

(2) Capacitor start motor

(3) Capacitor start — Capacitor run single phase Induction Motor.
(4) Shaded Pole Motor

(5) Repulsion Motor

USES :
(1) Split phase motor:
(i) Small Pumps
(ii) Grinders
(2) Capacitor start motor
(i) Compressor -Jp )
(ii) Pumps Eﬂ {)L . T;r 4
(3) Capacitor start capacitor Run Motor &
(i) Compressor of Air-conditioner
(i) Water Cooler
(4) Shaded Pole Motor
(i) Small fans
(5) Repulsion Motor
(i) Mixing Machine
(ii) Blowers

" NCEPT OF LUMEN:-
It is the unit of luminous flux. Itis defined as the luminous flux emitted by a source of one

candle power per unit solid angle in all directions.

Lumen = candle power of source x solid angle.
Lumen=CP x w

Total flux emitted by a source of one candle power is 41 lumens.
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A Light emitting diode bulb consists of two semiconducting material i.e. p-type material
and n-type material. A p-n junction is formed, by connecting these two types of
materials.

When the p-n junction is forward biased, the majority carriers; either electrons or holes;
start moving across the junction.

walarcw band

—_— .
(Fig.4.5. Construction of LED Lamp)

As shown In the figure above, electrons start moving from n-region and holes start
moving from p-region. When they moved from their regions they start to recombine
across the depletion region. Free electrons will remain in the conduction band of energy
level while holes remain in the valence band ol energy level.

The Energy level of the electrons is high than holes because electrons are more mobile
than holes i.e. current conduction due to electrons are more. During the recombination of
electrons and holes, some portion of energy must be dissipated or emitted in the form of
heat and light.

The phenomenon into which light emits from the semiconductor under the influence of
the electric lield is known as electroluminescence.

Always remember that the majority of light is produced from the junction nearer to the p-
lype region. So diode is designed in such a way that this area is kept close to the
surface of the device to ensure that the minimum amount of light Is absorbed.

The electrons dissipate energy in ditferent forms depending on the nature of the diode
used. Like for silicon and germanium diodes, it dissipates energy in the form of heat
while tor gallium phosphide (GaP) and gallium arsenide phosphide (GaAsP)
semiconductors, it dissipates energy by emitting photons.

For the emission of ditferent colors, different semiconductors are used. For example;
phosphorus is used for a red light, gallium phosphide tor the green light and aluminum
indium gallium phosphide for yellow and orange light.
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« Star Rating

* An energy efficiency rating scheme for Electrical appliances is known as Star
labelling.

- Star Rating is the average amount of electricity used by the equipment in a year
i.e kWh/year or unit/year under standard test conditions.

« Star ratings are provided to all the major kind of appliances in the form of labels.
These star ratings are given out of 5 and they provide a basic sense of how

energy efficient each product is.

£--%A

POWER SAVINGS
GUIDE

(Fig.4.6. Star rating of appliance)



CHAPTER-5
WIRING AND POWER BILLING

E e

A network of cables connecting various electrical accessories for distribution of electrical
energy from the supplier meter board to the various electrical energy consuming devices such
as lamps, fans, radio, TV and other domestic appliances through controlling and safety devices
is known as wiring system.

TYPES OF WIRING FOR DOMESTIC INSTALLATIONS:-
Electrical wiring system is classified into five categories:

= Cleat wiring
= Wooden casing and capping wiring
= CTSor TRS or PVC sheath wiring
» Lead sheathed or metal sheathed wiring
»  Conduit wiring
» Surface or open Conduit type
« Concealed or underground type Conduit

= Cleat Wiring

+ In this system of wiring cables are supported and gripped between porcelain cleats

above the wall or roof.

» The porcelain cleats are made in two halves. The main part is base, which is grooved to
accommodate the cables, the other part is the cap which is put over the base

«  The lower cleat (base) and upper cover (cap), after placing cables between them are
then screwed on wooden gutties.

(Fig.5.1. Cleat wiring)

Advantages:
= Itis the cheapest system.
+ Installation and dismantling is easy.
»  Less skilled persons are required.
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- Inspection is easy.
- Alterations and additions are easy.
. As the cables and wires of cleat wiring system is in open air, therefore fault in cables can

be seen and repair easily

Disadvantages:
+ Itis purely temporary wiring system.
- Appearance is not good.
+  Cables are exposed to atmosphere and there is a possibility of mechanical injury.
+  This system should not be used in damp places otherwise insulation gets damaged.
. Itis not lasting wire system because of the weather effect and wear & tear
+ It can be only used on 250/440 Volts on low lemperature.
. There is always a risk of fire and electric shock.
« It can't be used in important and sensitive location and places.
+ Itis not reliable and sustainable wiring system.



Application:
« It is suitable for temporary installation in dry places i.e. under construction building

or army camping
« Casing and Capping wiring

« It consists of rectangular blocks made from seasoned and knots free wood or PVC.
* The casing has usually two (or three) ‘U’ shaped grooves, (two in number) into which the
VIR or PVC cables are laid in such a way that the opposite polarity cables are laid in

different grooves.
« The casing is covered by means ol a rectangular strip of the same width as that of

casing known as capping and is screwed to it.

Push ft joint Elbow jomt T-joint

(Fig.5.2. Casing & Capping Wiring)

Advantages:
= It provides good mechanical strength.

- Easy to inspect by opening the capping.
« Itis cheap wiring system as compared to sheathed and conduit wiring systems.
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+ Itis strong and long-lasting wiring system.

» It Phase and Neutral wire is installed in separate slots, then repairing is easy.
- Stay for long time in the field due to strong insulation of capping and casing..
- It stays safe from oil, Steam, smoke and rain.

- No nisk ot electric shock due to covered wires and cables in casing & capping

Disadvantages:
« Difficulty in finding any fault caused in the wire.
« There is a high risk of fire in casing & capping wiring system.
» Not suitable in the acidic, alkalies and humidity conditions

oy -y o | | — —



. Batten Wiring (CTS or TRS)

« The cables are run or carried on well-seasoned, pertectly straight and well varnished (on
all four sides) teak wood batten of thickness 10 mm. at least.

- The width of the batten depends upon the number and size of cables to be carried by it..

« The wooden battens are fixed to the walls or ceilings by means of PVC qutties or
wooden plugs with flat head wooden screws, the wooden screws should be fixed on the
batten at an interval not exceeding 75cm.

|
bran

Batten Wiring

Dk Wiiring System

I'W Laals

(Fig.5.3. Batten Wiring)

ﬂdvantag-es

Wiring installation is simple and easy
+ cheap as compared to other electrical wiring systems
« Repairing is easy
» Strong and long-lasting
* Appearance is better.
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« Customization is easy
* Less chance of leakage current

Dlsad\ramages
Not suitable for outdoor wiring

* Humidity, smoke, steam elc. directly affect on wires,

*  Heavy wires are not recommended for this wiring scheme.
*  Only suitable for below 250 V.

« High risk of fire.
Application:

* Used in domestic, commercial or industrial wiring except workshops
+ Used for low voltage installation



= Lead Sheathed Wiring

« The type of wiring employs conductors that are insulated with VIR and covered with an
outer sheath of lead aluminum alloy containing about 95% of lead.

« The metal sheath given protection to cables from mechanical damage, moisture and
atmospheric corrosion.

= The whole lead covering is made electrically continuous and is connected to earth at the
point of entry to protect against electrolytic action due to leaking current and to provide
safety in case the sheath becomes alive.

« The cables are run on wooden batten and fixed by means of link clips just as in TRS

wiring.

Advantages:
= Provides protection against mechanical injury better than TRS wiring.
« Easy to fix and looks nice
« Long life if proper earth continuity is maintained.
« (Can be used in damp situation and in situation exposed to rain & sun.

Disadvantages:
= Costlier than TRS wiring
* Nat suitable for chemical corrosion.

« In case of damage of insulation the metal sheath becomes alive & give shock.
= Skilled labour & proper supervision is required.

Application:
= Commonly used for laying sub mains from pole to electric meter

» Conduit Wiring

= There are two additional types of conduit wiring according to pipe installation
* Surface Conduit Wiring
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* Concealed Conduit Wiring

- Surface Conduit Wiring
« If conduits installed on roof or wall, It is known as surface conduit wiring. In this wiring

method, they make holes on the surface of wall on equal distances and conduit is installed
then with the help of rawal plugs.

+ Concealed Conduit wiring

« If the conduits is hidden inside the wall slots with the help of plastering, it is called
concealed conduit wiring. In other words, the electrical wiring system inside wall, roof or
floor with the help of plastic or metallic piping is called concealed conduit wiring.
obliviously,

« It is themost popular, beautiful, stronger and common electrical wiring
system nowadays.

.




LAYOUT OF HOUSEHOLD ELECTRICAL WIRING:-
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(Fig.5.5. Layout of Household Electrical Wiring)

BASIC PROTECTIVE DEVICES USED IN HOUSE HOLD WIRING: -
- Fuse
» MCB (Miniature Circuit Breaker)
- Lightening arrester
- Earthing Wire

ELECTRICAL ENERGY:-

« Energy is the capacity to do work, and is measured in joules (J).
« The electric power utility companies measure energy in watt-hours (WH) or Kilo watt-

hours (KWH)



Example 5.1. A building has the following electrical appliances

(i) A 1 HP motor running for 5 hrs in a day.

(ii) Three tans each of 80W running for 10 hrs. in a day.

(iii) Four tube lights of 40W running for 15 hrs. per day.

Find the monthly bill for the month of November if unit cost of bill is Rs.2.50.

Solution:
Sl.No. | Name of | Quantity | Power Rating in KW Working Hrs | Energy consumed
Appliances in a day in KWH
01 Motor 1No. THP = 746W=0.746KW |5 1x0.746x5=3.73
64
02 Fans 3Nos 80W = 0.08KW 10 3x0.08x10=2.4
03 Tubelight 4Nos 40W = 0.04KW 15 4x0.04x15=2.4
Total Energy consumed in KWH= | 3.73+2.4+2.4=8.53

As we know TKWH = Tunit

S0, 8.53 KWH = 8.53 units.

In the month of November total Electrical Energy Consumed = 8.53 X 30 = 255.9 units.
Monthly bill = 255.9 X Rs.2.5 = Rs. 639.75P.

Example 5.2. A building has the following electrical appliances
(i) Two bulb each of 60 watt and one bulb of 100 watt.

(i) Tube light 40 watt -2 nos.

(iii) Three Fans of 60 watt each

(iv) One Refrigerator of 150 watt.

All the lighting devices works for 6 hrs a day, tans work for 10 hrs and refrigerator works for 24
hrs. The electric tariff is as follows:- for first 100 units @ Rs. 1.40/-,next 100 units @ Rs. 2.30/-
Rest @ Rs. 3.10/- .Calculate the bill for the month of 30 days.

Solution:
Sl.No. | Name of | Quantity | Power Rating in KW Working Hrs | Energy consumed
Appliances in a day in KWH

01 Bulb 2 0.060 6 2x0.06x6=0.72

02 Bulb 1 0.100 6 1x0.1x6=0.6

03 Tube light 2 0.040 6 2x0.04x6=0.48

04 Fan 3 0.060 10 3x0.06x10=1.8

05 Refrigerator | 1 0.150 24 1x0.150x24=3.6
Total 7.2 KWH
energy
consumed

As we know TKWH = 1unit
S0, 7.2KWH = 7.2units.

in the month of 30 days, total Electrical Energy Consumed = 7.2 X 30 = 216 units.
Monthly bill = 100 X Rs.1.40/- = Rs. 140/-

100 .X Rs 2.30/- = Rs. 230/-
16 X Rs 3.10/- = Rs. 49.6/-

Total = Rs. 419.6/-




CHAPTER-6
MEASURING INSTRUMENTS

INTRODUCTION TO MEASURING INSTRUMENTS:-

« The measurement of a given quantity is the result of comparison between the quantity to
be measured and a definite standard. The instruments which are used for such
measurements are called measuring instruments.

« The three basic quantities in the electrical measurement are current, voltage and power.
» The instrument which measures the current flowing in the circuit is called ammeter while
the instrument which measures the voltage across any two points of a circuit is called

voltmeter. The instruments which are used to measure the power are called wattmeter.

CLASSIFICATIONS OF ELECTRICAL INSTRUMENTS:-

Electrical instruments are broadly classified into two types

1) Absolute instruments

Absolute instruments are those which give the value of the quantity to be measured in terms of
the constants of the instrument and their detection only. No previous calibration or comparison
is necessary in their case.

Example: Tangent galvanometer, which gives the value of current, in terms of the tangent of
deflection produced by the current, the radius and number of turns of wire used and the
horizontal component of earth's field.

2) Secondary instruments

Secondary instruments are those, in which the value of electrical quantity to be measured can
be determined from the detlection of the instruments, only when they have been pre-calibrated
by comparison with an absolute instrument.

Example: Ammeter, Voltmeter elc.

« The secondary instruments are again divided into the following three types
a) Indicating instruments
b) Recording instruments
c) Integrating instruments
a) Indicating instruments:
Indicating instruments are those which indicate the instantaneous value of the electrical quantity
being measured at the time at which it is being measured. Their indications are given by
pointers moving over calibrated dials.
Example: Ordinary ammeters, voltmeters and wattmeter
b) Recording instruments:
These instruments give a continuous record of the given electrical quantity which is being
measured over a specific period. The examples are various types of recorders. In such
recording instruments, the readings are recorded by drawing the graph. The pointer of such
instruments is provided with a marker i.e. pen or pencil, which moves on graph paper as per the
reading.
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Example: X-¥ plotter, ECG.
c) Integrating instruments:
These instruments measure the total quantity of electricity delivered over period of time.

Example: a household energy meter.

TORQUES IN INS ENT:-

In case of measuring instruments, the effect of unknown quantity is converted into a mechanical
force which is transmitted to the pointer which moves over a calibrated scale. The moving
system of such instrument is mounted on a pivoted spindle. For satisfactory operation of any
indicating instrument, following torques must be present in an instrument.

1) Deflecting system producing deflecting torque (Tq)

2) Controlling system producing controlling torque (T.)

3) Damping system producing damping torque

1) Deflecting Torque:

In most of the indicating instruments the mechanical force proportional to the quantity to be
measured is generated. This force or torque deflects the pointer. The system which
nroduces <such a deflecting toraue i< called deflecting evstem and the toroue is denoted as



Example: X-Y plotter, ECG.
c) Integrating instruments:
These instruments measure the total quantity of electricity delivered over period of time.

Example: a household energy meter.
TORQUES IN INSTRUMENT:-

In case of measuring instruments, the effect of unknown quantity is converted into a mechanical
force which is transmitted to the pointer which moves over a calibrated scale. The moving
system of such instrument is mounted on a pivoted spindle. For satisfactory operation of any
indicating instrument, following torques must be present in an instrument.

1) Deflecting system producing deflecting torque (Tg)

2) Controlling system producing controlling torque (T, )

3) Damping system producing damping torque

1) Dellecting Torque:

Iin most of the indicating instruments the mechanical force proportional to the quantity to be
measured is generated. This force or torque deflects the pointer. The system which
produces such a deflecting torque is called deflecting system and the torque is denoted as
Td-

2) Controlling Torque:

This system should provide a force so that current or any other electrical quantity will
produce deflection of the pointer proportional to its magnitude. The important functions of
this system are,

1) It produces a force equal and opposite to the deflecting force in order to make the
deflection of pointer at a definite magnitude. If this system is absent, then the pointer will
swing beyond its final steady position for the given magnitude and deflection will become
indefinite.

2) It brings the moving system back to zero position when the force which causes the
movement of the moving system is removed. It will never come back to its zero position in
the absence of controlling system.

The controlling torque in indicating instruments may be provide by one of the following two
methods.

a) By weighting of moving parts i.e., Gravity Control

b) By one or more springs i.e., Spring Control

3) Damping Torque:

The defiecting torque provides some deflection and controlling torque acts in the opposite
direction to that of deflecting torque. So before coming to the rest, pointer always oscillates
due to inertia, about the equilibrium position. Unless pointer rests, final reading cannot be
obtained. So to bring the pointer to rest within short time, damping system is required. The
system should provide a damping torque only when the moving system is in motion.



DIFFERENT USES OF PMMC TYPES INSTRUMENT:-

(i) Ammeter: - When PMMC used as an ammeter, except for a very small current range,
the moving coil is connected across a suitable low resistance shunt, so that only
small part of the main current flows through the coil.

(i) Voltmeter: - When PMMC used as voltmeter, the coil is connected in series with high
resistance. The same PMMC instrument can be used as voitmeter or ammeter

(ii) Galvanometer: - It is used to measure a small value of current along with its direction
and strength.

(iv) Ohm meter: - It is used to measure the resistance of the electric circuit by applying a
voltage to a resistance with the help of battery.

DIFFERENT USES OF MI TYPES INSTRUMENT:-

e They are suitable for measurement of current, voltage and power factor in electrical
circuit.

e They are used for DC as well as low frequency AC in high power circuits.

e MI ammeter can be designed for full scale deflection current of 0.7Amp to 30Amp
without use of shunt

e Ml volimeter of ranges over 50V without series resistance are in common use.

CONNECTION DIAGRAM:-
(i) Ammeter:
Ammeter
Supply : Load
o—
(Fig.6.1. Connection Diagram of Ammeter)
(i) Voltmeter:
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Aammeter
—(D

o

(Fig.6.1. Connection Diagram of Ammeter)

(i) Voltmeter:
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Volune'nﬁr
Supply Load
(Fig.6.2. Connection Diagram of Voltmeter)
(iiiy wattmeter

(Fig.6.3. Connection Diagram of Wattmeter)

(iv) Energy meter

—

T 9T

) . T
From o J 1 load
(Fig.6.4. Connection Diagram of Energy meter)
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