4040320-ELECTRICAL CIRCUITS AND INSTRUMENTATION

UNIT — |
D.C CIRCUITS AND THEOREMS
INTRODUCTION
In the study of electric circuits we are interesting in the flow of electricity from one
device to another. A simplest of electric devices will have a pair of terminals.
Electricity enters at one terminals and leaves from the another.
The energy associated with an electric system is measured by quantigies. like
electric charge, potential and current. Historically electric chargesivere first
observed by rubbing certain dry substances together. Atomic physiei
picture the electric charges as one of the building blocks of the.universe. The
negatively charged electron is one of the constituents of the atom Its mass,is 9.107
x10 -28 gm. As the electron is very small unit , the practical unit of charge’is the
coulomb. _'
1 coulomb = 9.107 x10 -28 x Qe g -
Where Qe is the electronic charge. y_N '
BASIC CONCEPT
All matter consists of minute particles called moIecuIQ_Molecules are made up of
more minute particles called atoms. Jnside‘the atom there’a central nucleus and a
number of electrons around the nugleus. The nucleus contains protons and
neutrons. Protons are positively ch‘ged particlels and neutrons do not carry any
charge. The electron carries amegatiy charge.
In a normal atom, the positive charge onthesnticleus is exactly equal to the total
negative charge due torall thg electrons surrounding the nucleus.

Fig 1.1 <
Every atom in which th sitive"ﬁnd’ negative charges are equal has no net
positive and pegative charge,, 7

6
Electrons revelve aroungthe nucleus in elliptical orbits. The first orbits has a
maximum.of 2 eleetrons, second 8 electrons , third 18 electrons and so on. Number
of ¢ ectrons presen ip the orbit is 2n2 , where ‘n’ is the orbit number.
IMPORTANT DEFINITIONS

Current y
Flow of eleetr@ns in any conductor is called current. It is represented by the letter
GI’
The unit of the current is ampere
Charge
Current, | = --=--------
Time




Q
| = -
T
Where ‘Q’ is in coulomb and ‘t” is in second.
One Ampere
One ampere can be defined as one coulomb of charge is transferred in one second.
1.1.3 Voltage
The difference of potentials between two points is called voltage or potential
difference.
The voltage represented by the letter <V’
The unit of the voltage is volt. .
One volt e
One volt is defined as the potential difference across a re&fétance of one'oh
carrying a current of one ampere ?

Resistance P !

The opposition offered by a substance to the flow of currentis callled,‘resistance.
The resistance represented by the letter ‘R’ py

The unit of the resistance is Ohm (Q) )

Laws of Resistance ) ,

The resistance (R) of a conductor ¢ V

1 is directly proportional to its length (1)

7 is inversely proportional to its arga of cross sel:tion @)

7 A \

71 depends up on the naturggf mzh’eri
. L

~1 depends on it temperature

| N

Ra qlr’
a /
p| V - i’

R 3 —wwr 'l . ‘-‘H' y

a N\ '

Wh re pf(-le)iis a||c|)r'rstant for the material called resistivity (or) specific
resistance

Conductance , G

Conductaniee=S the reciprocal of resistance.

The conductance represented by the letter ‘G’

The unit of the conductance is mho ()

la

G= = -

Rpl




Where ¢ = --------

p

where o (sigma) is called the conductivity.

Conductivity

The reciprocal of resistivity is called conductivity.

Problems

Example 1.1 N

Find the resistance of a copper wire of 0.75 km long and havmgg cross,sectional
area of 0.01cm2. (Take p = 1.72 x 10 -8 ohm-m)

Given data " y

Length of wire, | = 0.75km = 0.75x 103 m )
cross sectional area ,a = 0.01cm2 = 0.01x 10-4 m? | 4
specific resistance, p = 1.72 x 10 -8 ohm-m y .
Solution 2

§| o\ v

Resistance, R = --------

a

172X10 -8 X 0.75 x 103 4‘ l
0.01x 104 e \;_ J

1.29 x 10 -8 9

— & "/

0.0lX 10-4 4

Example i 2\

Findsthe eross se nal area of a aluminum wire of 700m long and having a
resi tance o 24 ,Y(Take- p = 2.83 x 10 -8 ohm-m)

Givenidata

Length of wire, ¥ =700 m

ResistancémR*= 0.24 ohm

Specific resistance, p = 2.83 x 10 -8 ohm-m
Solution

pl

Resistance, R = --------
a



pl
Cross sectional area , a = ----------
R

2.83 x 10 -8 x 700

0.24
1.81x10 -5

0.24
a=28.254x 10 -5m2
Example 1.3

Find the resistance of a copper wire 1 km long and 0.5 cm dia given the,specific
resistance of copper as 1.7 x 10 -8 Q-m .

Given data H 7'

A

Length of wire in meter, | =1Km =1000 m P “
1052 4
9 : :

V aaN 'y
Area,a= ------ X ===-mmm- !
4100 .
Specific resistance, p = 1.7 x 10 -8 oiim-m v

Solution
Eel i R % )
esistance, R = -------- 4-\ -
a ,\ i
\ V 4

1.7x10-8 x1000

= _ @€
0.785x2.5x10 -5 ‘}/
1700 x 10 -8 /

& Y ¢ - iy’

1.962 X 10 -5¢ - 1
R =0 66.0hm‘ i -

ms L Ny
The current flowing’in an electric circuit depends on two quantities, the applied
emf and the resistance in the circuit. The connecting the three factors was
establishedfirst by G.S. Ohm in 1826 and is popularly known as the Ohm’s law.
Statement of Ohm’s Law
At constant temperature, the current flowing through the conductor is directly
proportional to the potential difference (voltage) between the two ends of the
conductor

e, Val



V =RI

V=IR

Where ‘R’ is the resistance of the conductor in ohms.

Explanation

Fig. 1.2

Consider a simple closed circuit as shown in the Fig.1.2.

Let, “V’ be the supply voltage (d.c)

‘I’ be the current flowing through the circuit (amp).

10

‘R’ be the resistance of the circuit (ohm). _
According to Ohm’s law, V o | a
V =RI -\

------ = Resistance (constant) ’ ;‘ .

' R

The unit of the resistance is Ohm » ‘ y
Power y,

Power is the rate of doing work.
Work done g
Power = 4‘
Time 1

The power represented Gy the letter ‘P’

The unit of the po watt epjoules / second
Power is the prodmage dyeurrent

Power, P = voltage,x current 4
P=Viwattd. ) 4

(or). V. A
i O -y

P R Watg . ' /
(or)

V ) 4
P=V (==t

R

V2

P=- watts

R

The unit of power can also be expressed in kilowatts (Kw) , 1 Kw = 1000 watts



Energy
11
Energy is the capacity to do work. Energy is the product of the power ant time
Energy = Power x time

=Pxt

=VIxt

(or)

Energy = I2R x t

(or)

V2 xt

Energy = ------- .

R > N

The unit of energy is watt-sec. Watt-sec. is the smallest Lﬁﬂt of energy. <$}o watt
hour ( Khr) is generally used.

Problem PN “
Example 1.4 4
An electric iron is rated 1000 W and 240 V. Eind,th gﬁment‘dra\/\#u and resistance
of the heating element. ]

Given data » ,

Power , P = 1000 watts - V

Voltage. V = 240 volts

Solution \ )

V2

Power , P = ------- l\‘\ [

R 4 ) W«

V2 \‘t

Resistance, R = -------- ‘i/

P 7

=8 . \' -n"

100?’ - .
\=/5 g Q-h-m %; ' |
Current, | = ----2=-

R -
240

| = -
57.6
12

| =4.17 amps.



Example 1.5
Calculate the current and resistance of a 50 w, 100 v electric bulb.
Given data

Power , P = 50 watts
Voltage. V = 100 volts
Solution

Power , P = VI watts

P

Current, | = -------

Resistance ,R = ------
I

100 :

- >

0.5 P v

R =200 Ohms

Example 1.6

Calculate the power rating oft‘ oiI When’used on 200V supply taking 4
amps. ,\

Given data

Current, | =4 amp \‘c

Voltage. V =200 volts .i/

Solution 7

Power , P =VI wa‘&& \ 4

=200x4 . N t

P watts
ggle i . /
A fi amenT Iamp connected to a 230V DC supply draws 300mA. Find the power
absorbed by thelamp.
13 w’
Given data
Current, 1 =300 mA = 300 x 10-3 amps
Voltage. V = 230 volts
Solution
Power , P = VI watts



=230 x 300 x 10-3

P = 69 watts

Example 1.8

A lamp having a resistance of 500 Q works on 220 supply system . Determine the

energy consumed by operating 30 days at the rate of 4 hours a day.

Given data

Resistance , R =500 Q

Voltage. V = 220 volts

Solution

Energy = Power x Energy watt-sec.

V2 .

Power , P = ------- -\

R

2202 ’ N
LT A\ J

500 AN /

P =96.8 watts , p

Total hours =30 x4 =120 )

Energy = 96.8 x 120 = 11616 hr ) & ,

= 11.616 Kwhr / N/

Example 1.9

A building has following loads : t ty 100 watt lamps operated 4 hours daily and

thirty 60 watt lamps operate aily, all gonnected to a 230 volt source.

Calculate (a) the total powser (b) t et taleurrent (c) the monthly consumption

electrical energy (d) the m mon hlyelectrlcal energy charges at 35 paise per unit

Given data

Voltage. V = 230 volts Q;,r
Solution 7

(a) Total power, i;SQQ h]po + 30 x 60
Kw

Owvatts =
P
(b) otaTcurrer?t i g

V )
3800 -
230

| =16.5 amps

(c) Energy consumption daily = 20 x100 x4 + 30 x 60 x 3
= 13,400 watt-hours



Monthly consumption = 13400 x 30
= 13400 Whr = 13.4 Kwh
(d) the monthly electrical
energy charges at } =13.4x30x0.35 =
35 paise per unit
= Rs. 140.70

Resistors in series
A circuit is said to be a series circuit if the current flowing through all the elements
is the same. f
Fig.1.3
In fig.1.3 three resistors R1, R2, R3 are connected in series. So‘the
flowing through each resistor is same. But the voltage drop.aeraess ea
different due to its different resistance value. The total vg,]tage inthis c rcy SV’
According to Ohm’s Law, V = IR

Voltage drop across R1 is V1 = IR1 L f
Voltage drop across R2 is V2 = IR2 » | ' 4
15 p N

Voltage drop across R3 is V3 = IR3 )

Total voltage V = V1 + V2 + V3 » ,

= IR1 + IR2 + IR3 / N/
=1(R1+R2+R3) [

IR=1(R1+R2+R3) |

R=(R1+R2+R3) \ )

The total (or) equivalent res\stance Is equalito'the sum of all the resistances which
are connected in series Q.

Resistors in Par. 9
A circuit is said to be a el cﬂtu&t if the potential difference ( voltage ) across

all the elements‘isithe same. /

Figla & ¥ \ 4

In fig.1.4 three resistors ], R2, R3 are connected in parallel . So the potential
dropsacross each F |stor Is same. But the current flowing through each resistor is
diffi rentdu ts di erent resistance value. The total current I in the circuit divides
to pass through the |nd|V|duaI resistances.

V »

Accordingwe®Ohm’s Law , | = --------

R

\Y

The current flowing through resistor R1 is I1 = -------
R1

V



The current flowing through resistor R2 is 12 = -------
R2

16

\Y

The current flowing through resistor R3 is I3 = -------
Total current 1= 11 + 12 + I3

VVV

= + +

R1 R2 R3

111

=V + + ¢ s
R1 R2 R3 P R
V111

=V S+ A | y

R R1 R2 R3 , )

The reciprocal of equivalent resistance is equal to the sum of reswtames which are

connected in parallel. ;‘
When two resistor R1 and R2 are connected , then 'quwalent resistance is

111= 1 '\ V

R R1 R2
R1 R2
R = - 4\ . ] l

R1 + R2 \I [
Resistors in Series.# Pa Qlel,
1111 \ N
= + 2 ‘}"
RR1R2R3 /

Fig. 1 8 N et L
A sepies parallel @ircuit is shown in fig.1.5. Here the resistors R2 and R3 are
conhected |@arall I} But the resistor R1 is connected in series with this parallel
combination.
Equivalent resistance of the resistors R2 and R3 (parallel combination) is
111 wr
= +
Rp R2 R3
R2 R3
Rp = -
R2 + R3




Fig .1.6

Total voltage V = V1 + V2
=IR1 + IRp

=1 (R1+RP)
IR=1(R1+RP)
R=R1+RP

R2 R3

IR3

The current flowing through resistor R2 is 12 = ------------
R2 + R3 _

IR2 { ‘

The current flowing through resistor R3 is I3 = ----------+= y

R2 + R3 A )

18 ’ 4

Problem ’ }.\ . ‘I

Example 1.10

In the circuit shown in fig. 1.7 , Find the current , thew across each resistor
and the power dissipated in each resistor.

Fig. 1.7.

Given data ,

Voltage V = 50 volts } !

Resistors, R1=6 Q, R2=29Q ,R3 =10Q

Solution ¢ )

3 4
Total resistance , + I;Q‘Et 53
=6+9+10 | I'd
R=25Q /7
\V Y 4 - \ 4
| & = N %
. Wi

R ( .

|5(_) W TR '/

2% ) |

| =2 ampse™”

Voltage drop across 6 Q resistor , V1 = IR1
=2Xx6

= 12 volts

Voltage drop across 9 Q resistor , V2 = IR1
=2x9




= 18 volts

Voltage drop across 10 Q resistor , V3 = IR1
=2x10

= 20 volts

Power dissipated in 6 Q resistor , P1 = I2R1
=22X6=4X6

= 24 watts

19

Power dissipated in 6 Q resistor , P1 = I12R1
=22x9=4x9

= 36 watts

Power dissipated in 6 Q resistor , P1 = I12R3
=22 x40 =4 x40

= 40 watts

Example 1.11

Three resistors A,B and C are connected in series

fo a 240 Volts so ree as shown

in fig. 1.8. If RA = 60 Q and EB = 40 volts when,the g}n:enUs 0.5 amp. Calculate

the resistance RB and RC.

Fig. 1.8. \_
Given data

Total voltage , V =240

Current, 1 = 0.5 amp. &
Voltage , EB =40 volts “|m)
Resistor, RA = 60 Q A \

Solution

Voltage EB =40 V.<IRB

40 ‘l/
RB =------—-- - 80 Q 7

V V .

240

0} y -
60 + 80 + R€&”

240

20

60 + 80 + RC = ---——----
0.5

60 + 80 + RC =480

mg.to O i‘ S Law | AR _ARiA
R +RB+RC

N/



Resistance RC = 340 Q

Example 1.12

Two resistors resistance 6 Q and 12 Q are connected in series . Find the equivalent
Also find the equivalent resistance when they are connected in parallel.

Given data

Case 1: Series combination of 6 Q and 12 Q resistors.

R1=6Q,R2=120Q

Fig.1.9

Solution

Equivalent resistance , R = R1 + R2

=6+12 P

R=18Q - .

Case 2: Parallel combination of 6 Q and 12 Q resistors. ; .
R1=6Q,R2=12Q y
Fig.1.10
111 _
Equivalent resistance , -------- = ------- + -4 p N
21 '

RR1R2 -
R1 R2 p V

R= .
R1 + R2
6x12 72 -y )

R = P - . : |
6+1218 :'\; J
R=4Q \ '
Example 1.13 ‘l/

In the circuit shown in fig.1.11 , find the total resistance and current flowing
through eagh branch. ) 4

Fig.1.11 VW Sy

Giverrdata ‘

Rl??QiFQi 1(’$},’R2=ZOQ

Solution |

R )

Equivalentwesfstance , ------- = -mmm- S + e
R51020

=0.2+0.1+0.05

1

-------- =0.35

R



1
=R

0.35

Total resistance , R =2.86 QQ

V 25

The current flowing through 5Q resistor 11 = --------- = —--—--——-
R15

22

I1 =5 amps.

V 25

The current flowing through 10Q resistor 12 = ------- = -—-=-----
R2 10 -\

e

12 =2. 5 amps.
V 25 s y
The current flowing through 20Q resistor I3 = ----- A = o

|
R3 20 AR J
13 = 1.25 amps. y p .
Example 1.14
Resistors of values 2, 3, 4, and 5 ohm ase connected imparallel. If the total power
absorbed by all the resistors is 200wy find the voltage applied to the circuit.

Given data
Fig.1.12
Power , P = 200 watts

R1=2Q,R2=3Q RS% o= 5!]
Solution

11111 1;

Total resistance - - ‘[( o £ L

RR1R2 R3 R4 ),
11111 £ Y \ 4

y

N\

Total resistanc . N "

R2€5\ a
=0 +0.33+ 0.25%7' 2
3 G
-------- =128 ~

R -

1

23

R = -

1.28
Total resistance, R = 0.78 ohm



V2
Power , P = ---------

R

V2=PxR

V=vPxR

V =200 x0.78

Voltage , V = 12.5 volts

Example 1.15

Two resistors are connected in parallel across a 200V mains take a
10amps. The power dissipated in one of the resistors is 1200. wa
of each resistor.

Given data

Fig.1.13

Voltage, V = 200 volts

Current ,I = 10 amps.

Power dissipated in R1 of the resistors P1 =12 at
Solution

P1 1200

11 = = -

V 200

I1 =6 amps.

\%

Resistors , R1 = -------

11

24

200

6

R1 =333
Total curren

. Findithe value

Resistors ,'\R2"= -------
12

200

R2 =

4

R2 =50 Q



Example 1.16
A resistance is connected in parallel with a resistor R whose ohmic value is
unknown. If the total current taken is 10.5 amps. When the circuit voltage is 210 V
, calculate R, shown in fig.1.14.

Given data

Fig.1.14

Voltage, V = 210volts

Current,l = 10.5 amps.

Resistance , R1 =30 Ohms =

Solution V 210

11 = = |

R1 30 - .

11 =7 amps

i . { ) 4

Total current, 11 =11+ 12 V .l
2=1-11 A g
= 1057 ; )

12 = 3.5 amps. !

210 ) & \ /
Resistance, R = ------ ¢ '

3.5

R =60 Ohms.

Example 1.17 }g )
Three resistors of 2Q, 7 d 4Q are‘comnected in parallel .This combination is

put in series with 3.5 Q res1s\or Determine the equivalent resistance of the
combination.

Given data ‘l y’

Fig.1.15 7

Resistors REE=2 Q)R2 =4 QPR3 =7 Q

SO|UtIQI’] ) i -y

11 -
g N -
RITES

1 111 )
= N’ -+
RAB247
=0.893 RAB=1.12Q
Total resistance , RAC = RAB + RBC
=112+35
26




RAC =4.62 Q

Example 1.18

Two resistors of 10 Q ,and 20Q are connected in parallel .This combination is
connected in series with 4 Q resistor. Determine the current and voltage across
15V resistor in the given circuit.

Given data

Fig.1.16

Voltage , V = 15V

Resistors R1=4Q ,R2=10Q,R3 =20 Q

Solution

Total resistance , RAC = RAB + RBC N
RAB=4Q P
RAB RBC . _
RBC = J | d
RAB + RBC -

10 x 20 1
e =6.67Q L p_N
10+ 20 ]

RAC =4 + 6.67 . ,
Total resistance , RAC = 10.67 Q ¢ v

V ‘

Current, | = ------- \ l
R \

15 A |

= . \ y.
10.67 )
I =1.4 amps. Q,/

27 /

Current throug O.ﬁirﬁ istor = | X -----------
R1 fﬂz N i] i . g

10 /

) WSS ) A

10 + 20 ) |

Voltage drep-aCross 4 Q resistor, VAB=IxR [ V=IR]
=14x4

VAB =5.6 omhs

Applied voltage , V = VAB + VBC
VBC=15-5.6

= 9.6 volts.




Voltage drop across 20 Q resistor, VBC = 9.4 volts

Example 1.19

Two 50 Q resistors are connected in series. When a resistor R is connected across
one of them , the total circuit resistance is 60 Q. Calculate the value of R , shown
in fig.1.16

Given data

Fig.1.17

Total resistance = 60 Q

Solution

Total resistance , RAC = RAB + RBC

60 = RAB + RBC .

RAB =50Q - .

RAB RBC
RBC = ; | y
RAB + RBC

50 x R A

50 +R B

28 . ;
50 xR y V

60 =50 + ---------
50+ R
2500 + 50R + 50R “\ . )
60 = - [
o o
R=125Q *;
Example 1.20 ql/
When two resistors,.have a‘combined resistance of 10 ohm when connected in
series and 2 ohmWhen conngéted in parallel. Find the resistance of each resistor.
Solution \ .-
Let the two reS|st ks be R and R2.
When h conn ed | s|er1es
R1+R2=1 (1)
When connectewm parallel,
R1IR2
=240 (2)

R1 + R2
Substitute the equation (1) in equation in (2)
R1 R2

-=24




10

R1R2 =24

24

R1= - (3)

R2

Substitute the equation (3) in equation in (1)
24

R2

R22 + 24 = 10R2

R22 - 10R2 +24 =0 ’
(R-6) (R-4) =0 -
29 !"
R2=6Q(or)R2 =4 Q )
Substitute the value of R2 in equation (2) -
R2=6Q, W -
R1+6=10 ~ )
R1=10-6=4 2

RL=40Q "
R2=4Q / N/

R1+4=10
R1+4=10
RL=10-4=6 N !

R1=6Q )
R1=4Q(or)R1=6Q’\-\" y

(or) ¢
Kirchoff >s Laws ‘l/
(a) First Law{(ar),current law (KCL)
The sum of€urrents' flowing t0Wards a junction is equal to the sum of current

flowing away&f‘o‘n.ﬁ'wgtion.

(0N~
Th{;geb:ai‘s‘um I)jourrents at a junction (node) of a network is zero.
Explanation

Fig. 1.18 ) |

Consider fiwe*fonductors carrying a currents 11, 12,13, 14 and 15 meeting at point
‘0’ as shown in fig.1.17. The arrow marks indicate the direction of the current
flowing through the conductor.

R1 = 6Q

R2=4Q

R1=4Q



R2=6Q

30

Assuming signs of currents flowing towards point ‘o’ as positive and the signs of
currents flowing away from point ‘o0’ as negative.

According to Kirchoff’s current law

(I1)+(-12),+(3)+(14)+(-15)=0

I1-12+13+14-15=0

I1+13+14=12+15

Sum of incoming currents = Sum out going currents

(a) Second Law (or) voltage law (KVL)

In a closed circuit the sum of the potential drops is equal to the-Sumof the potential
rises. -\

(or) { , IS Y
The algebraic sum voltage in a closed circuit (mesh) is equal to zero. ’
Explanation !

(i) For e.m.f source ( battery) ¢ » ::
(a) If we go from the positive terminal of the battery to'the nggati\’e terminal., there
is a fall )

(drop) in potential. Hence the sign is negative. V

(b) If we go from the negative termigpal of the battery tothe positive terminal.,
there is a [

rise in potential. Hence the sign is ‘sitive.

(i) For voltage drop(IR drom\ '-' )

Fig. 1.19 A ]

(a) If we go through the resistordn the same direction as the current there is fall
(drop) in 9

potential ( because cur |OWS¢I‘bm higher potential to lower potential) . Hence
the /

sign is negative. T \ 4

(b If we go tmquih the w}stor opposite to the current direction , there is a rise

(dropyins,

git nEiaL. _He'rlcs thla ’ign IS positive.

In fig.1.19 ABCD is a closed loop. According to Kirchoff’s voltage law,
+E-IR1=IRZ=0

(or)

E=IR1+I1R2

Therefore , E.m.f’s in the circuit = VVoltage drop in the circuit
PROBLEM

Example 1.21



Calculate the currents in different branches of the circuit shown in the fig.1.20
Fig.1.20

Solution

Fig.1.21

In the closed loop ABEFA

By using Kirchoff’s voltage law,

SB11-2(11+12)+35=0

-311-211-212+35=0

--51-212=-35 (1)

32

In the closed loop ABEFA , »

By using Kirchoff’s voltage law, Van
412-2(11+12)+40=0

412 -211-212+40=0 g 7'
--21-612=-40 (2)

We can write the equation s (1) and (2) in matrix (Srm
-5-211-35 p

- Q
-2-612-40 )
-5-2 - v

A=

26 b!

= (5x-6) — (-2 x-2 ) = 30tz 26
/\

-35-2 |
Al = , G
-40 -6
= (-35X-6) — (-40 X - —21o§w— 130
A1 130
Il = e _I - ﬂ
A 26 \ e T
amps . . ny
_5 /
A2 _s - ' '
-2 -40 )/
= (-5 x -409=*( -2 x -35 ) = 200 — 70 = 130
A2 130
|2 =--mmeee- 5
A 26
12 =5 amps.

Current through 3 Q resistor = 11 =5 amps.



Current through 4 Q resistor = 12 =5 amps.

33

Current t hrough 2 Q resistor = 11 + 12

=5+ 5 =10 amps.

Example 1.22

A wheat stone bridge consists of AB=10Q ,BC=10Q,CD=4Qand DA=5
Q. A galvanometer of 20Q resistance is connected across BD. Calculate currents
through the galvanometer when a p.d of 10V is maintained across AC.

Solution

Fig.1.22

In the closed loop ABDA , ”

By using Kirchoff’s voltage law, -\
-1011 - 2013 +512 =0

1011 + 512 - 2013 = 0 @) g N
In the closed loop ADCEA, ' ]

By using Kirchoff’s voltage law, _ 4
S512-4(12+13)+10=0 , y
-511-412 -413+10=0 )

912-413=-10 (2) . ,
In the closed loop ABCEA , . V

By using Kirchoff’s voltage law,
\5-

34
1011-10 (11 + 13) + 10 = O

1011 - 1012 -1013 + 10 = |
2012 -10 13 = - 10--—41'--3----7 3)

We can write the eq@ation s?!)p, 2) and (3) in matrix form
-105-2011 0 2y
0-9-412=-10 /7

2001013410 ©

-10 5 -20 “§ (-

-10 [ (-9 x 10)- 0] -5 [ (0 x 10) — (-20 x -4)]-20 [0-(-20 x -9)]

-10 [ (-9@9%5 [ (- 80) —20(-180)
=900 + 400 +3600 = 4900



-10[ (-9 x-10)-0]-5[ (0 x-10) - (-20 x -10)]-0
-10[ (90 )-5[ (- 200)

-900 + 1000 = 100

A3 100

I3 = —---mm = =0.02

A 4900

I3 =5 amps.

Current through the galvanometer, 13 =0.02 amps.
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1.2.1.NETWORK THEOREMS

1.2.1 Super Position Theorems

In a network containing two or more e.m.f sources , the currentin anyekesistor is
equal to the algebraic sum of the separate currents in the éésistor when
acts separately.

Step by step procedure P ,‘

1. Keep one source at one time y

y

a%ou rce

2. Short circuit the other voltage sources by their internal\resistam!es and open
circuit the current sources )

3. Find the current in the resistor due tosfirst source. V

4. Repeat step 1 to 3 for other sources. '

5. Add the currents algebraically.

Explanation

Step -1 : Keep V1 volta/geﬁgurce and shartseircuit the voltage source V2
Fig.1.24 ¢

QU
R2 R3 '
Total resistance, R = RIN#,------- Q "
R2 + R3 /

\V s & - T

Total current, | =i,y

I rt \ \
262 - T l :
Current through®, R3 = | -------

R2 + R3 “w”

R2 + R3
Step -1 : Keep V2 voltage source and short circuit the voltage source V1
Fig.1.25



R1R3

Total resistance, R = R2 + ---------

R2 + R3

V1

Total current , | = -----

R

R1

Current through R3 = | ---------

R1 + R3

R1

n”=1 .

R1+ R3 -

Add the currents algebraically. y

l,e., Current through R3 =11" + 11” 7'
Example 1.23 PN ,‘
Determine the current in the 150 ohm resistor and the power consamﬁd by using
superposition theorem. ’ p

37 ?

Fig.1.26 \_

Step -1 : Keep 240 V voltage sourcgsand short circuit the"140 voltage source by its
internal resistance.

Fig.1.27

By using Kirchoff’s voltage I\ j )

240 -211 - 811 -30 (11 —J_2§\=\O ]

-4011 + 3012 = -240 --#-----==2---55- (1)

R
-212-15012 -0.5 1 (12-90) =0
-182.512 + 30 11 = 0----===8--—----- (2
40 30 11 -240 /7
o & - ~lans”
30-182.512 @‘ i -y

-40? N .
2: =8 W "

30 -1825

= (-40 X -182.5') - ( -30 X 30 ) = 6400
-40 - 240 "

A2 ==0-(30X-240) = 7200

300

A2 7200

12 = -emeem- Temmmmmmmees = 1.125 amps

A 6400
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Current through 150 ohm resistor , I’ = 12 = 1.125 amps

Step -2 : Keep 140 V voltage source and short circuit the 240 voltage source by its
internal resistance.

Fig.1.28

By using Kirchoff’s voltage law,

2I'1-8I'1 -30(I'2-T'1) =0

4001 +3002=0 (1)
-15071-211-30(P1-T2)+140-05T1=0

-182.5T°1 + 30 I'2 = -140 (2)

3040110 .

= - -
-182.5 30 12 -40 \
30 -40 | )
A1==(30X30)-(-40X-1825)=6400 )
-182.5 30 | 4

0 -40 , b .
==0-(40 X -140) = 5600 R

-140 30 .

Al -5600 N/

I'l = = A =0.875a ps

A - 6400

Current through 150 ohm rem = 0.8115 amps

Step -3 \ |

Current through 150 ohm resistor =" - I’

39

‘t
=1"125%0.875*=0.25 qir‘
Power consumed by 150 ohm respstor =I2R
=0252 X160 ) 4
—9375W&tt‘8‘ I-'H"

lend.24

ﬁgper@smoh [heorem to find the branch currents in the circuit.

Fig.1.29
Step -1 : Keep 20 V voltage source and short circuit the 10 voltage source by its
internal resistance.
Fig.1.30
By using Kirchoff’s voltage law,
20-511-811-4(11-12)=0
911 + 412 =-20 (1)
412 -4(12-11)=0




812+411=0 )
9411-20

4-8120

-94

A==(-9X-8)-(4X4)=56

4 -8

40

-20 4

Al==(-20X-8)-0=160

0-8 .

A1 160 -

I1=------ = = 2.857 amps

A 56 | ) &

-9 -20 A\

A2==0-(-20X4)-0=80

4 0 f }\ L\

A2 80 ]

A o = 1.428 amps » :

A 56 ~ v

Current through 5 ohm resistor , 1= 2.857 amps

Current through 4 ohm resistor , 12;= 1.428 amp

Current through 4 ohm (midw r,r=1¥-12

=2.857 -1.428 » \ 1

= 1.429 amps ( Q

Step -2 : Keep 10 age suze and short circuit the 20 voltage source by its
»

|
4
&
y

internal resistance.
Fig.1.31 /
By using Kitchoff’s voltage 1AW,

-572.-4 (12 QB L/
9T 2 4R] =3 L'" (1)
'4’("49;1&1’12) p’

81 ¥4 T2 =-10 (2)
49710 »y

41 -

-84T12-10

4-9

A==(4X4)-(-9X-8)=-56
84



0-9
Al==0-(-9X-10)=-90
-10 4
A1 -90
Il =-mme = oo = 1.6 amps
A -56
40
==(4X-10)=-40
-8 -10
A2 -40
['2 = - = e = 0.714 amps a
A -56 -
Current through 5 ohm resistor = I"2 = 0.714 amps
Current through 4 ohm resistor = 1’1 = 1.6 amps y
Current through 4 ohm (middle) resistor, I’ =1I'1 - Fz )
=16-0.714 { ' 4
=0.886 amps ’ p
Step -3
Current through 5 ohm resistor = 11 - I'2 ,
= 2.857 - 0.714 / N/
= 2.143 amps
Current through 4 ohm resistor (Ie 0 right) = Ijl -2
=1428-1.6 “m)
=-0.172 amps ]
Current through 4 ohm(ml le)sesistor =11+ I"’1
=1.429 +0.886 "
= 2.315 amps Ql/
Example 1.25
Find the thifBugh the 6 Q res?b‘(by using superposition theorem.
42 , t an’
Fig.1s
Sol tlon . 4
Step =1 I'(eep?OO V/ voltage source and short circuit the 220 voltage source by its
internal resistanee.
Fig.1.33 e
By using Kirchoff’s voltage law,
200-411-211-6 (I1-12)=0
200 -1211 +612=0
-1211 + 612 = - 200 1)
S512-12-6(12-11)=0




611-1212=0 )
-12 6 11 -200

6-12120
-12 6
A==(-12x-12)-(6x6)=108

6-12

-200 6

Al ==(-200x-12) - (0 x 6) = 2400
0-12

A1 2400

1= ==mmmese- = 22.22 amps

A 108

43

-12 -200
A2==(-12x0)-(-200x 6 ) =1200

60

A2 1200

A o =11.11 amps

A 108

Current through 6 ohm resistor , I’'/= 11 - 12
=2222-11.11
I’=11.11 amps

Step -2 : Keep 200 V vo
internal resistance.
Fig.1.34

By using Kirchoff’s vo

circuit the 220 voltage source by its

law

=0
=0
(2)

1267110
6-12 I'2 -220
126
A==(6x6)-(-12x-12)=-108
6 -12

44



0-12

Al ==(0x6)-(-12x-220) =- 2640

-220 6

A1 -2640

'l = = - = 24.44 amps

A -108

60

A2 ==(6x-220) - (-12x0) =-1320

12 -220

A2 -1320

12 = - R = 12.22 amps -
A -108 _—
Current through 6 ohm resistor , I’ = (I'1 - I'2)

=24.44 - 12.22 . i Y

I’ =12.22 amps P !
Step -3 , . 4
Current through 6 ohm resistor , I’=T + 1", p N

=24.44 +12.22 ]

= 23.33 amps » ‘ 4
THEVENIN’S THEOREM .

Any two terminal network can be replaced by a voltage source VTh in series with
resistance RTh.

Where VTh = Open cirgyNoltage acrossjtheterminals A and B

RTh= Resistance of the network.as looking into the circuit from terminals A and B
STEP BY STEP PROCEDUR

1.Remove the load resistance RS hy”

45 7

2.Find the.dpen circuit voItadMTh , which is the across the two terminals where
the load is /Sy,

removed, {

3.Replace a oIta&eIsOurces by their internal resistances.

4.Calculate the Thevenin’s looking back resistance RTh from the load terminals.
5.Replace the entire network by the open circuit voltage VTh in series with
equivalente”

resistance RTh.

6.Connect the load resistance RL. where it was already removed.

7.Find the current in the load resistance RL.

VTh

IL =



RTh +RL

Example 1.26

Find the current through the 20 Q resistor by using Thevenin’s theorem.
Fig.1.36

Solution

Step-1: Tofind VTh

1.Remove the load resistance RL (20Q2)

Fig.1.37

By using Kirchoff’s voltage law,

96-411-12(12-11)=0

1811+ 612 =96 (1) .

~1412 -1212-12(12-11) =0 -
1211+ 2812 =0 (2) B
46

-18 1211 -96 " Q

12 28120 ; A\
1812

(-18x-28)- (12 x 12) =360 \
— - - - = »
12 -28 g N/

-18 12
=0-(-96x12)=1152
-12 O ‘\ l

A2 1152 ]

12 = —--m-2e- =-- - 82 arq S 4

A 360 -

VAB = VTh = 12 x 12 WV

=3.2x12 = 384 volts 7

Step -2 : Téfind i?l'h

1 Remove the stance RL (20Q2)
t Gircuit !-g voltage Sources.

Flg 38

60 and lfQ arein parallel

6x12 )

= 4Q -’

6+12

47

Fig.1.39

4Q and 4 are in series

4+4=8Q

>



Fig.31.40

8Q and 12Q are in parallel with series 4 resistor
8x12

RTh=+4=4.8Q+4=828Q

8+ 12

Step -3 : Thevenin’s equivalent circuit
Fig. 1.41

VTh 38.4

Load current, IL===1.33

RTh +RL 8.8 + 20
Current through 20 resistor, IL = 1.33 amps

Example 1.27 -

' 4

48

Find the through the 5Q resistor by using Thevenln S theorem.

Fig.1.42
Solution _
Step-1:Tofind VTh ; y
Fig.1.43 )

20 20 o
I1===5A y v

2+24

VAB =VTh = 12 - voltage drop acress 2Q re3|s}or
=12-2x11=12-2x5= R\

Step -2 : Tofind RTh A

1. Remove the load resistance RL (ZOQ)

2. Short circuit the esodm:g
Fig.1.44 2y
2Q and 2Q arefin parallel with series 8Q resistor

2x2 4 v

.. Unad
24; !

Step =3= Thevenm S equwalent circuit

Fig. 1.45 ) |

VTh2 e

Load current, IL===0.143

RTh+RL9+5

Current through 20 resistor, IL = 0.143 amps
Example 1.28

Find the through the 2Q resistor by using Thevenin,s theorem.



Fig.1.46

Solution

Step-1: Tofind VTh

1.Remove the load resistance RL (2Q)

Fig.1.47

Apply Kirchhoff’s Voltage Law,

10-5I-151-20=0

-201-10=0

-20 =10

-10

50 .
==-0.5amps -\

20 !"

Fig.1.48 7'

From fig. 1.42 -

10-51-VAB =0 1N

10-5x(-0.5) - VAB =0 ’ p .

10+25-VAB=0 !

VAB =125V »

VTh=VAB = 125 V / N/
Step-2:Tofind RTh

1. Remove the load resistance RL (2€2)

2. Short circuit the voltage sw | l
3 y 4 )
Fig.1.49 (- Q.

5x 15 €

RTh==3.75Q ‘i/

5 + 45 7

Step -3 : THevenin’s equivalé&'circuit

51 sk \ T T

Fig. 4750\ ) B

Y | 12§' . ' /

Load cuirrent ik == = 2174

RTh +RL 3.75 +2

Current thiretigh 209 resistor, IL = 2.174 amps
NORTON’S THEOREM

Any two terminal network can be replaced by a current source IN in parallel with
resistance RN.

Fig. 1.51

Where IN = Short circuit current at AB.



RN= Resistance of the network as looking into the circuit from terminals A and B
STEP BY STEP PROCEDURE

1.Remove the load resistance RL. and put a short circuit

2.Find the short circuit current IN

3.Replace all voltage sources by their internal resistances.

4.Calculate the Norton’s looking back resistance RN from the load terminals.
5.Replace the entire network by the short circuit current IN in parallel with
equivalent

resistance RN.

6.Connect the load resistance RL. where it was already removed.

7.Find the current in the load resistance RL. .

RN N
IL=1InXx ~
RN +RL | ) (6
52 A )
Example 1.29 A _ 4
Find the through RL resistor by using Nortorp’s theorem., .
Fig.1.52 )

Solution »

Step -1 : Tofind IN / N/

1.Short circuit the load resistance RL (5Q)

Fig.1.53

Apply Kirchhoff’s Voltage Lﬂ\ )

120-1011-10(11 - 12) S\Q 1

-2011 + 10 12 = =120 - Q=--(1)

512 -10(12-11) Q

1011-1512 =0 \ (2%/

-20 1011 -120 /

| V4 - y

10-1520 N /Ay

:20(9 b il %

= SE0%1B) -( 10 x 10) = 200

10 -15 ) |
53 -

-20 -120

A2 ==(-20%x0)x(-120 x 10 ) = 1200
100

A2 1200

12 = —--eee- S = 6 amps



A 200

IN = 6 amps

Step -2 : Tofind RN

1. Remove the load resistance RL (20Q)
2. Short circuit the voltage sources.

Fig.1.54

10x 10

RN=+5=5+5=10Q

10 + 10

Step -3 : Norton’s equivalent circuit

Fig. 1.55 N

RN 10 P

(R:Ildlr:-iznlf :th(l)r-(:ngh RL,=IL=INx=6x=4 y y

g:rrrent through RL, = IL =4 amps P )
4

Example 1.30 ;‘ . .

Find the through 20Q resistor by using Norton’s theorem.
Fig.1.57 » ;
Solution g v
Step -1 : Tofind IN ‘

1.Short circuit the load resistance RL (5Q)

Fig.1.58 4‘& l

Apply Kirchhoff’s Voltgg&kaw ]

96 611 -12(11-12)=0 "
1811 +1212=-9
—412 -12( 12 -13) -12
2812 + 12 1341211 =0
1613+ 122 = 0% (7)
-18120 11 - -y

10 281212 = 0%
0 1(816 13 \ )
LN

55

118120 ),

A =10 -2842”

012 -16

=18 [(-28 x-16 ) - (12 x 12 )] - 12 [(-12 X-16 ) - (0 X 12)]+0 [(12 x 12) — (0 X -
28)

=-18 (304) — 12(-192 ) = - 3168

18120




A=10-2812

012-16

=-18[(-28x0)-(12x0)]-12[(12x0)-(0x0)]-96 (12 x12) - (0x-281])

=-96 (144) = 13824

A3 -13824

I3 = -------- - = 4.36 amps

A -3168

I3 =IN =6 amps

Step -2 : Tofind RN

1. Remove the load resistance RL (20Q2)

2. Short circuit the voltage sources.

Fig.1.59 - .

6 Qand 12 Q are in parallel.

6 x12 ! Y
-=40Q “

6+ 12 _

56 . y

Fig.1.60 2

4 Q and 4 Q are in series. .
4+4=80Q v

’ 4
Fig.1.62

RN 10

Current through RL, = IL w =4 .36 X = 4‘

RN +RL10+5 A N

MAXIMUM POWER TRANSFER THEOREM

Maximum power i ferredifrom source to load when the load resistance is
made equal to the internalresistanee-of the source.

Fig.1.60 /

An electrig@ircuit €an be repﬁd by Thevenin’s equivalent circuit consisting of
Thevenin’s veltageMilhy(5E) in series with Thevenin’s looking back resistance
RThgas shown m%ii;. il 4]

E | 7

Circuit éfrrg'lt‘, E

RS + RL )

Power corisurfied by the load, PL = 12 R
57

2

EE2RL

PL=xRL=

RS+RL(RS+RL)?2



dPL(RS+RL)2.E2.1-E2RL[2(RS+RL).1]

dRL[(RS+RL)2]2
E2 (RS +RL)2-2E2RL (RS +RL)

(RS +RL) 4

dPL

For maximum power , =0

dRL

E2(RS+RL)2-2E2RL (RS +RL)

=0 "]
(RS+RL) 4 -\
E2(RS+RL)2-2E2RL(RS+RL)=0 q"

E2 (RS +RL) 2= 2 E2 RL (RS + RL ) b
E2 (RS+RL) 2 -

| =
2 E2RL (RS +RL) ) )
RS+RL=2RL 2
RS+RL-2RL=0 » .
RS-RL=0 ¢ v
RS =RL

E2 RL )

For maximum power , PL (m‘-

(RL + RL)2 A 1

E2 RL G

For maximum pow. L (max),=

(2RL )2 VWV

E2 /

For maximtim poWer , PL (Tﬂ&) = watts

AR Loy <\ A ‘

Ex Ie\l.31t i i

58 N

CalcuTat'éThe'value of load resistance for maximum power transferred from the
circuit shown infig. Also find the value maximum power.

Fig.1.53 e

Solution

Step-1: Tofind VTh (E)

1.Remove the load resistance RL

Fig.1.54

120 -301-3011=0



120 -601=0

120

Current, I = =2 amps

60

VTh = E = voltage drop across 30Q resistor
=30 x 1 =30 x 2 =60 volts

Step -2 : Tofind RTh

1.Remove the load resistance RL

2. Short circuit the voltage sources.

59

Fig.1.55 .
30x30 -
RTh g 155 15%F 15

30 + 30 H 7'

RS = RTh =300 A )
Step -3 : Thevenin’s equivalent circuit . , 4
Fig. 1.56 . y

For maximum power transfer RS = RL !

RL =30Q .

E2 602 / N/
maximum power , = = = 30

4RL 4 x 30

Maximum power, PIL = 30.watts )

60 . 1

UNIT 11 7N

\ PV 4
A.C. CIRCUITS RESONANCE
Introduction A\ | '
At constant temperature, the current flowing the conductor is directly proportional

to the potential difference (vﬁl?(ge) between the two ends of the conductor. This is
ohm’s Law K l.‘n’ (

The g€latian may. iwritten as,
V =R /

Where Van?ﬁlow \'/ary with time. When a sinusoidal if | = Imsinaot is applied to a
resistor the potential across it.
E = | m R sindt
= Vm sin®t
VOLTAGE AND CURRENT RELATIONSHIP [A.C.CIRCUIT]
A.C through pure resister only
Fig.2.1
61



A pure resistive circuit is shown in fig.2.1 the alternating voltage applied across the
resister is

V=Vm sinit

Let ‘I’ be the alternating current through the circuit

VR= voltage drop across the resister.

V =1xR

\

| =

R

Vmsino t :

| = .

R -

| = Imsino t2
Vmsino t . Y
Imsino t= .
R )

Vm sin® t Vim ; y
Im=, Im= ’

R sind tR Y
From the equ. 1 and 2, the phase angl€ voltage and current is zero.
©6=0

Fig.2.2 (a) (b)
In pure resistive circuit, the cirgui phase w‘th the voltage .the waveform and
vector diagram are shovy‘ in the Tig.2.2 (a)sand (b)

Power 4 y

\
Instantaneous, powef, .= vxi'¢

= Vmsind t X Im sin® ql/
62 /

=VmImsif2o t ) 4

2 0tdh t) /g :

P= atts \ B

Where V gny are l?-lM.S values

Phase Angle

Phase angle is an angle between the voltage and current.
In a pure resistive current, the voltage and the current inphase with each other
hence the phase angle is zero.

Power factor

Power factor = cos

= cos 0 [6=0]

=1 (Unity)




Power factor is also defined as the ratio of resistance to impedance

63

Its value cannot be more than one

A.C through pure inductor only Pure

inductive current is shown in fig.2.3

Fig.2.3

When an alternating current flows through a pur inductive coil a back e.m.f is
induced due to the inductance of coil. This e.m.f opposes the aplied voltage at
every instant since there is no resistance the indusd e.m.f will be equal*and
opposite to the applied voltage.
I.e., Applied voltage = back e.m.f
Applied voltage,V = Vm sino t 1 P
From equ(1)

[] ! Yy
I = Im sin (©t-90) 3 a )

Vm _ ' 4
Where Im = , y
oL :

Vm 1 . ;
Im sin (0t-90) = sin (bt-90) . V

oL r

Vm sin (ot-90) »

Im= x 4.\ ‘ l

®L sin (ot-90) # \ |

64 y

Vm 9

Im= R i y’

oL

from equ.2@nd 3, We find thaﬂﬁe current. Lags behind the applied voltage by 90°
the waveform qn(i Vﬁtpﬂi‘agram are shown in fig.2.4 (a) and (b)

Flg (@).(b)

or () . Y
V— Vmsiné t, = Im sin (0t-90)
Instantaneous power= VxI= Vmsin® tx Im sin (®t-90)
Power = 0w
Phase angle

65

Phas angle is an angle between the voltage and current

In inductive circuit, the angle between the voltage and current. is 90°
I.e. 6 =90° The current is always lagging the voltage by 90°



Power factor

Power factor = cos0

= €0s (90°)

=0 (lag) (6=90)

Ac through pure capacitor only

The circuit shown in the fig.2.5 is a pure capacitive circuit.

Fig.2.5

When an alternating voltage is applied to a capacitor the capacitor is charged first
in one direction and then in the opposite direction.

V=Vmsino t1 :

Q =CV=C Vmsind t ”

dQ a

Current ,i =
dt | y
d(C Vm sinm t) “
dt ‘ )
= CVmsinot . ® =® C Vm sin® t ’

— 6 C Vm sind t (6t-90) -
1= Im sin (6t-90) 2 / N/

66

Im sin (0t-90) = & C Vm sin® t (dﬁ)) )
Im=& C Vm (or) ‘-\

Vm ‘,\» | -

Im =

/6 C §
Fromthe equ, 1 and 2, ind t!ﬂiﬁe current leads the voltage by 90° the

waveform andsvector diagram. Are shown in fig.2.6 (a) and (b)
Fig. 2.6()(®) ) 4
Power (p) -y

V= yimsing t, I=3m sin (ot+90)

gn7s rltage_o% powers X/x1= Vmsin® tx Im sin (&t+90)

Phase angle ~

Phas anglévis#ah angle between the voltage and current

In inductive circuit, the angle between the voltage and current. is 90°
l.e. 0=90°

The current is always lagging the voltage by 90°

Power factor

Power factor = cosf



= cos (90°)

=0 (lead)

IMPORTANT TERMS

1. Impedance

It is ratio of the applied voltage to the resulting current.
It is represented by the letter ‘Z’.

Its unit is Ohm.( Q)

\Y

I.e. Z=ohm.

I

2. Admittance >\
It is defined as the reciprocal of impedance. -\
It is represented by the letter Y.

Its unit is mho. | ’

11 o .‘
i.e. Y ==mho g | 4
ZV , b

68 2

3. Reactance »

Inductive reactance, XI =2xfl ¢ V

Where f =freq,

L=inductance of the coil l

Capacitive reactance, Xc = 1~F

Where » \ [

C= capacitance of the capacitor /

Unit of the reactan hm &

4. Susceptance ‘l/

It is defined as‘thereciprocahof reactance.
It is represefited by the letter B Its unit is mho

0 B=4/X Mg/ Sy
5. Cehduetance i
It isidefined.as the le)tibrocal of resistance.

—

It is represented by the letter *g’. Its unit is ‘mho’.
o G=1/R.mho/’

PROBLEM™

Example 2.1

A voltage of 100V at 50 Hz is applied across a pure inductor of 0.04 henry. Find
the current

solution



Given Data

Voltage, V = 100 Volts

Frequecy, f = 50Hz

Inductance, L =0.04 henry

\/

current, I =

XL

69

Vv

2nfL »
100 -

21x50%0.04 | ’

Current, | = 7.96 amps. A\ 'l
Example 2.2 g
An a.c circuit with a pure capacitor has a reactanee of ﬁehms at SU Hz. a voltage

of 100V,50Hz is applied to the terminal of the capgzltor find\(a) current (b)

capacitance .
Solution V

Given Data
Voltage, V =100 Volts
Frequecy, f=50Hz \

Capacitive reactance, Xg %QQ

V 100

Current | == ‘c

Xc 6 ‘l/
| = 16.66 amps: 7

1 V ¢ - \ 4
Capacitive rea(itainaﬂh-,

2n

Tl N

Capacnance 6 = 7

2mx50%6 »

Capacitances”€ = 5.3x10-4 farad

Example 2.3

A voltage V =200 sinwt is applied to a 25 ohm resister. Find the current |, the
Instantaneous power, p and the average power.

Solution

Given Data



Voltage, V = 200 sin®mt

Resistance, R =25Q

Current, i=V/R

70

200 sinmt

25

| = 8 sinot

instantaneous Power, P = v . i

= (200 sindt) (8 sinmt) _
= 1600 sin2ot ™\
Average power -
P=E.l q‘”
Power , P= 800 watts Y
Example 2.4 ‘

A pure inductance L= 0.1 h has applied voltage oi'V 200°sin, 31 t‘Flnd the

current the instantaneous and average power./~ind alsglthe inductive reactance and
the RMS current. !

Solution .

Given Data y V
Inductance, L=0.1 H

Applied voltage , V = 200sin 314 &

Power, P =

71 1
=-1274 sin 314t cos 314t y

=-1274 (1/2 sin 2( \ ,
Power , P = -637 sin 6 ‘l/
E /
IRMS = 4 - o

po( E— W/ Sy
ind ve\r.eactan‘ , XL=2#fL=2x50%0.1
XI?\F’H 4 /
SEclrrent, | = 4.5 amps.

R-L SERIESCIRCUIT
In this Fig™2+7°a pure resistance of ‘R’ ohms is connected in series with a pure
inductance of L Henry
Fig. 2.7
Let
V = applied voltage (RMS)
| = current inn the circuit (RMS)



VR = voltage drop across the resistor (IR)

VL = voltage drop across inductor (IXL)

The phasor diagram of the circuit is shown Fig. 2.8 (a) and (b) taking of as the
reference phasor.

72

OA represents the voltage drop VR and it is in phase with the current |

AB represents the voltage VL which leads the current by 90°.

OB represents the applied voltage V, the phasor sum of the two drops.

ig. 2.8 (a) (b)

Where Z is the impedance of the circuit.
Impedance triangle

Phase angle P

From the phasor diagrams that current lags the applied vgltage by an angl
Power factor ‘ ?
Power factor = cos0

73 3 ' 4
Power (P)

Voltage V = Vmsino t, :
Current , 1= Im sin (®t-0) » 4
Instantaneous, power, p = vXi 7 Y

Power , P =V | cos® watts

R-C SERIES CIRCUIT

In Fig.2.9 a pure resistance of"\o; S IS conn!cted in series with a pure
capacitance of C farads. &, ]

Let, V = applied voltage 0,

| = current inn the cifCuit ¢
VR = voltage drop acro e resﬂm(lR)
VC = voltagedropracross Capaciter (1XC)

Fig. 29 &

The phasor divagr maf,tpe gircuit is shown Fig.2.10 (a) and (b) taking of as the
refe ce\phasor.?

OA rqprgs_ent? the \l'qltage drop VR and it is in phase with the current |

AB represents the voltage VC which lags the current by 90°.

OB represents the applied voltage V, the phaser sum of the two drops.
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Fig. 2.10 (a) (b)

Where Z is the impedance of the circuit. R - C series circuit.

Impedance triangle

Phase angle

From the phasor diagrams that current lags the applied voltage by an angle 0.

&



Power factor:
Power factor = cos6
Power (P)
75
V= Vmsinot , i = Imsin (&t+0)
Instantaneous, power, p =V X i
Power , P =V | cos0 watts
R-L-C series circuit
R-L-C series circuit is shown in the Fig.2.11 resister; inductor and capacitor are
connected in series across ‘V’ volts. The current in the circuit is ‘¥ amp

Fig. 2.11 .

VR = voltage drop across the resistor R (IR) _ N

VC = voltage drop across capacitor C (IXC) ;

VL = voltage drop across capacitor L (IXL) Y
Case (1) XL > XC A\ ,'

Fig. 2.12 _ Y 4

If XL is greater than XC, then the result reactance is XL-XC, :

76 )

Ohms. »
Phase angle V

’ 4
From the phasor diagram
Power factor
Power factor = cos0 “\ . l
Power=V1 cos0 watts. & o

P 4

Case (2) XC> XL »« S
77 )
Fig. 2.13 If XL is greatéfithan Xe,lthen the result reactance is XC-XL Ohms.

Phase angle Fromithe phasor. diagram
Power factor ) 4

Power factor = costugy, »
Adj ntiSide] f ¥
Cosb =

Power, P ™

Power = VI cos0 watts.

71 If the net reactance is inductive (XL-XC) then the power factor is lagging.
1 If net reactance is capacitive (XC-XL), then the power factor is leading
Example 2.5

..l/



A current of 10A flows in a circuit with a 30° angle of lag when the applied voltage
Is 100V. Find (a) resistance, reactance and impedance (b) the conductance,
susceptance and admittance

Given data

Current, =10 A

Applied voltage = 100 v

Phase angle =30°

Solution

(@) (i) Impedance

7=10Q

(ii) Resistance , R "

R = 10xcos 30° -\
= 10x0.866 =8.66Q ‘

R = 8.660 | ) (6

(iif) Reactance, XL N f

79 _ 4

XL =5Q , y :

(b) (1) Conductance, G )

G=(1/R) . ,

G=1/R / N/

= 1/8.66 [

(ii) Admittance (1/2) »

(iii) Suceptance ( 1/XL) 4q\ ‘ )

Example 2.6

A circuit consists of a fESISthCG.R ohm and inductance L Henry connected in
series. Ifit is conn 0 a 240V, 50HZ supply mains it consumes 300Watts and

the voltage drop across R is 100MsCalculate the value of inductance ’L’
Given Data

Voltage dr@p.across; VR = 1007

Power consume i’l?-.ﬁgg watts.

Frequency.,, f=

Sol?‘e l )’

80 W

Fig. 2.14 »y
InductancaeXt = 2xfl
Current, I = 3 amps
Impedance, Z

Z=80Q

Power consumed, 12R = 300
R=33.33Q



XL=72.73Q

72.73

Inductance , L = ---------
21 X 50

L =0.232 Henry

81

Example 2.7

Calculate (a) the admittance (b) the conductance, G and (c) susceptance, B of a
circuit consisting of a resister of 10  in series with an inductor of 0 AH.when the
freq. is 50HZ and 100HZ.

Resistance, R = 10Q N

Inductance ,L = 0.1H -\
Frequency, f = 50HZ

Solution H y

Fig.2.15 A )
Case (1) . ) 4
(a) Admittance Y = ; p -

XL =31.42Q R

Z=32.97Q )

Admittance, Y = 0.03 mho g v

(b) conductance, G = 1/R

G=0.1 mho

(c) susceptance, B 4\ w 4
/ \ A

82

Case (ii) ¢

When freq. f=100HZ% ) N

(a) admittance, Y ‘l/

XL =62.83Q e

z=63620f ) 4

Admittance, Y= 0.0 ‘

(b) duc,tancg, | =81IZRN1P

G=0.1 mho'\ )”

(c) susceptance, B

Example 2.8 ~

A resistor of#00Q is connected in series with a S0puf capacitor to a supply of
200V,50HZ find(a) the impedance (b)the current (c) the P.F(d) phase angle (e) the
voltage across the resistor and across the capacitor.

Given data

Resistor, R = 100Q

Capacitor, C = 50uf =50x10-6 f



Supply voltage, V = 200V
Frequency, f=50HZ.

83

Solution

Fig.2.16

(a) Impedance

XC = 63.69Q
Z=118.56Q

(b) Current. |

I =1.69 amps.

(c) Power factor

(d)Phase angle, 6 -\
(e) Voltage drop across the resistor .
VR = IR= 1.69x100 ! b
VR =169 volts. .

(f) Voltage drop across the capacitor |
84 p
VC =1 XC =1.69%63.69 ?

VC =107.64 volts. » .
Example 2.9 - v
A series circuit has R=10Q,L=50mH and C= 100ufand supplied with 200V,50 c/s.
Find

(a) impedance (b) current (cw Power fdctor (e) voltage drop across each

elgment. ,\‘ ]
Given data g A s y

)
Resistor, R = 10Q 9
Capacitor, C = 100uf= Xlo-&l/
Inductance , L«*="50mH /

s’

Supply voltage, V=200V
Frequency, f:"S Héay "
Solugion™. .

Figi2.17 /

(a) | mipedancenz

[since XC>XL]»

Inductive reaetance , XL = 2nfl =2xmx50x50x10-3
XL=15.7

(b) Inductive reactance , Xc
XC=31.83Q

85

Z =18.98Q



(c) Current:

| =10.54 amps.

(c) Power, p

P=12R =(10.54)2x10

P=1110.9 Watts

(d) Power factor = Cos©O

(e) (i) Voltage drop across R , VR
VR = IR =10.54x10

VR = 105.4 volts.

(if) Voltage drop across L , VL

VL =1 x XL =10.54%15.7 .

= 165.48 volts P

(iif) Voltage drop across C , VC '

VC = X XC | y
= 10.54x31.83 A )

C =335.49 volts 4

Example 2.10 y .

A coil having a resistance of 15Q and an mductanc; of 0.2H jis connected is series
with another coil having a resistance of25Q and an 1aductafice of 0.04 Hto a
230V, 50HZ supply. Determine the y0ltage across each €0il, the power dissipated
in each coil, the p.f of the circuit. as whole.

Given data
Resistors R1 = 15Q R2 =25 l
Inductance ,L1 = 0. 2H 04

Supply voltage, V = 230V y
Frequency, f= 50 %
Solution ql./

86 7/
Fig218 &£ % ) 4

(a) Voltage aclr
XL 1= 20§><50>< = 62.83Q

onfL
X 14 =62.8 !
X L2=07E L2 2071%50%0.04= 1257

XL2=12.57Q &

Z1=64.6Qw"

Z2 =27.98Q

&R = R1+R2 = 15+25 = 40Q
XL=XL1+XL2=62.83+12.57
X L=754Q

Total Impedance, Z = 85.35Q



| =2.69 amps

Voltage drop across coil 1, V1 =171
= 2.69%64.6

V1 =173.77 volts

Voltage drop across coil 2, V2 = 1Z2
=2.69%27.98

V1 =75.27 volts

Power of dissipated in each coil
Power of coil L1, P1 = I2R1

87 .
= (2.69)2x15 g
P1=1085 PEN

Power of coil L2, P2 = I2R2
- (2.69)2x25 | )

P2 = 180.9watts A )
Power factor _ . 4
Power factor = cos0 ’ y
CosO=R/Z !

Power factor = 0.469 »

Example 2.11 (April , 2004) . v

A resistor of 3 ohms and an inductive reactor of 4 ohm’are connected in series.
This circuit connected across a single phase supF|y of 100V. find the line current
and power consumed. “\ :

Given data [
Resistors R = 3Q /7 \: y
Inductive ractor, X 2H Q

Supply voltage, V = 10 ql/
Solution 7

(1) Line current, I T ) 4

| = Vi4 G\ A ,

X

1=20A I /

(2) Power consumed, P

P =12R = (20)2%3

P= 1200 Watts

88

Example 2.12

A resistance of 20Q an inductance of 0.2 H and a capacitance 100 micro farad
connected in series across a 220V 50Hz supply. Determine (a) impedance (b)



current (c) voltage across resistance, inductance and capacitance (d) power factor
(e) phase angle (f) power in watts.
Given data

Resistors R = 20Q

Inductance, L =0.2H

Supply voltage, V = 100V
Capacitance, C = 100uf= 100x10-6 f
Supply voltage, V = 220V
Frequency, f=50HZ.

Solution

(a) Impedance

Inductive reactance, XL = 2nfl.= 2nx50%0.2 = 62.83Q -
X L1=62.83Q
Capacitive reactance, XC ! Y
XC =31.83Q “
7=36.89Q _
(b)Current, | b p
1=5.96amps )

(c) Voltage drop across each elementy v
Voltage drop across resistor ,VR = LR '
=5.96x20

VR =119.2V )

89 4‘\ :

Voltage drop across indy(ﬁQ(VL = | Xy

=5.96 x 62.83 ¢ y

V L = 374.46V §
Voltage drop across capagitor VG#VC
VC =5.96%31483 /

\

VvC=1897v¢ 1

(d) Power factoer/ s ,
Po f‘ac;tor,tg icise i
cos{: R/Z l /
CosO= 6.54?@9

(e) Phase angle; 6

0 =571

(f) Power , P

Power, = VI cosO watts

= 220x%5.96%0.542

P =710.87 watts
PARALLEL CIRCUIT



Parallel circuit may be solved in two ways (a) Impedance method (b) admittance
(@) Impedance method

Fig.2.19

Let,

I1 be the current following through the impedance Z1

90

12 be the current following through the impedance Z2

I3 be the current following through the impedance Z1

‘V’ be the applied voltage

‘I’ is the vector sumof I1, 12, 13

ol =11+ 12 +131
111 P
- = -+ -+
VZ1272171 ’ \ Y
1111 A )
e = S S R— _ s g
27217273 y p
(b) Admittance method ]
Admittance method is the reciprocal of impedance. [tsuunit
% p 3 p Wls
| =
— W
I=V.Y ‘-\ Y
| = 11+12+13 A -l
I=V.YL+V.Y2+VX3 O/
VY =V (Y1+Y2 <
Y=Y1+Y2+Y3 qlr’
91 4

Equation admittance, Y

Y is also expressed-asimyy”
Y= JB 3 1

Wh r-e’ ~% Wa

G= conductance

B= susceptance’”
Resistancé=*fhductance parallel circuit

A resistance of ‘R’ ohms ad an inductance of L henry are connected in parallel as
shown in fig.2.20

Fig.2.20

Impedance method

Let,

..l/



IR be the current flowing through ‘R’
IL be the current flowing through ‘L’
IR is in phase with the voltage V

IL circuit lags the voltage by 90°

Total of I= vertical addition of IR & IL
Power = VIcos0 watts

92

Admittance method

For branch 1,

Z1 =R+J0

111 a

Y1 = = = p Y N

ZIR+jOR :

Y1=G1+JB1 g 7’
For brance,2 -

Z2 =0+ jXL {
114 , )

Y1 = = = '
720+ XL XL o |
Y2 = G2 + JB2 y V

Esjz:o,Bz: ....... ‘
o 4\\ ’

Io’_[al Y =Y1+Y2 A ]
_J V 4

R XL | < .-y ‘

Curpént™ = V. B

Angle between V Jl'give the power factor angle (0 )
Tl LY

Power =V1Icosb watts

Resistance-capacitance parallel circuit

93 -’

A resistance of ‘R’ ohms and a capacitive of ‘C’ farad are connected in parallel as

shown in the fig.2.21

Fig.2.21

Impedance method

Let,




IR be the current flowing through ‘R’

IL be the current flowing through ‘L’

IR is in phase with the voltage V

IL circuit lags the voltage by 90°

Total current | = vertical addition of IR & Ic

Power = Vicos0 watts

Admittance method

For branch I,

Z1=R+J0

For brance, 2 :

Z2=0-jXC .

Total Y=Y1+Y2 -\

Current, | = V.Y

94 ’ )

Power = VI cos0 watts P Y |
RL AND RC IN PARALLEL ' 4

Consider a parallel circuit consisting of two branches anchonnectsd toana.c

voltage of ‘V’ volts as shown in the fig.2.22 )

Fig.2.22 .
Impedance method v

For branch:1
11 =V/Z1
The lags the voltage by 01° 4‘\

For branch 2

11 =V/Z2

The lags the volta 7
Admittance method Q./
For branch, 1 /
Impedancedriangle™ \ 4

95 . . N/
Admittanee trignil T

21 ’?“R1+ l /

Fig.2. 23‘( a) (h)

Y1=G1-jBl »

For branchey”

72 = R2-jXc

Fig.2.24 (a) (b)

Y2 = G2+4jB2

Total Y = Y1+Y2 = G1-|B1+ G2 +jB2
= (G1+G2) +j (-B1+B2)



=V (G1+G2)2 + (-B1+B2)2
Power =VI cos0 watts
96

R-L-C Parallel Circuit
R-L-C parallel circuit is shown in the fig.2.25( a) (b)
Fig.2.25(a) (b)
Impedance method
(1) If IC is more than I, then the circuit is capacitive and power factor is leading.
(2) If IL is more then Ic, then the circuit is inductive and the power faCter is
lagging.
The vector diagram for the resultant circuit is shown in the fig. ~
Component,IX = (IC-IL)or(IL-IC) - .
Current, | = IR+IX ~
Power actor,cos0 =IR/I | ) (6
Power =VI cosb watts p
Admittance method _ 4
For branch I, , p
Z1 =R+J0 )

For brance,2 .
97 N/

! 4

Z2 = 0+jXL
For branch, 3
Z3=0-jXC 4‘\ l

Total Y=Y1+Y2+Y3 _ [
Current, | = V.Y /7 \
Power = VI cos0 Q
Series - Parallel CirCui qi/
Series parallel circuit Is shown in fig. 2.26
Fig. 2.26 & \ 4
Let Z1 be thexs r
Z2 Z8.are corf ected |n parallel
ya Fn serlg Wlth ppmllel combination of Z2 and Z3.
98
Angle between V and | is the phase angle (6). Power factor = cos6 Admittance
Method Z2=ard Z3 are connected in parallel. Y23 = Y2+Y3 Y2 = G2+jB2
Y3 =G3+jB3
Y23=(G2+ G3) +j (B2+ B3)
99
Example 2.9



A coil of resistance 10 ohms and inductance 0.03H is connected in parallel with a
non inductive resister of 15 ohm. Determine (1) the current in each branch circuit
(2) the total current (3) the phase angle of the combination when a voltage of 200v
at 50 Hz is applied.
Given data
Inductance, L =0.03 H
Resistance , R1 =10 Q
Resistance , R2=15 Q
Voltage , V =200V
Frequency, F = 50Hz
Solution

Fig.2.27 Y
Impedance Method

Z1 = R1+jXI | y
=10+j 9.43 -~ '

100 _ ' 4

= 11+12 , y
Current = 25.92 amps. )

Phase angle , =-22.69° -0° =-22.69° Ny
(Angle between V and 1) y V
(or) [

Admittance method ¥

Current in branch 11 = V.Y14.\ ‘ )

Current in branch 2, 12 = A4 Y2 1
=200(0.066+j0)=13.2A . 4

2. Total current, | = 2 =f0;6-'9.98+13.2
Current = 25.807 amps dy/
3. Phase anglef0=22.749%-0° = 22.749°

Power factar,=cos ©'=cos (-2M9°) =0.9422

' 1 D l-l '
101 2N\ Ii '

74 i1 Ex_a}rp[y N

A resistor of 80 ohms, an inductance of 0.15 Hz and the capacitor of 100uf are
connected parallel across 200V,50Hz supply, Determine (1) the current in each
branch (2)thetotal current (3) phase angle of the circuit.

Given data

Resistance ,R =80Q2, L=0.15H

Capacitance =100uf = 100x10-6f

Voltage , V =200V, f=50Hz.

Solution



Fig.2.30

Impedance , Z1 = R+j0

Z2=0+jXL

X =27fl=21x50x 0.15=47.12

Z3 = 0-jXc
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RESONANCE

Resonance

An a.c circuit is said to be in resonance when the circuit power factgris.unity. i.e.,
At XL = XC resonance occurs. In a resonant circuit, resistors, Indéctors and
capacitors are connected either in series or in parallel combinati6n '
as a pure resistive circuit. -
The frequency response of a resonant circuit is shown m,gﬁe fig. 2 7.
Fig.2.37 y

The frequency at which resonance occurs is called the resonant frequejmy (fr).
From fig 2.37, the frequency response decreases sﬁarpl_y on either side of the
resonant frequency. Hence a resonant circuit selects a gange of frequencies for
which the response is nearly equal to the maximung:

Two types of response are, » . 4

1. Series resonance . V

2. Parallel resonance

SERIES RESONANCE

In a series resonance circuit 1’. 011?) inductlJr (L) and capacitor(C) are
connected in series acrossﬂs\glnu50|d voliage of variable frequency source. An R-
L-C series resonance gircuitis shown in the fig.2.38 (a).

Fig. 2.38(a) ‘l
103 Q e
Resonant fregliehcy 7

At resonance XL = XC ) 4
Phasor diagr e
Ph D|agarr§ni ™
V?ar l I /
Fig.2! 38(b3 e
Therefore, VL and VC are equal in magnitude but opposite in direction, hence they
cancel eachwotfer.
Applied voltage, V = VR
Impedance is given by,
At resonance, the circuit current is maximum and the impedance is minimum. This

is shown in the fig.2.39.
104



Fig.2.39

Power factor

Quality factor of a series resonant circuit

At series resonance, the voltage across L and C is greater than the applied voltage.
This voltage magnification is called Q-factor of the series resonant circuit.
Resonance curve of a series resonant circuit

The curve draw between current and frequency is known as resonance curve.
Fig.2.40 shows the resonance curve of a typical R-L-C series circuit.

105

Fig.2.40 :

At resonant frequency (fr), the inductive reactance XL is equalfo the capacitive
reactance XC. The impedance of the circuit is only resistive.and.equ R. henee
the current at resonance is maximum and the power factar is unity.

If the frequency of the circuit is less than resonant frequency, then XC>Xﬂnd the
circuit behaves as a R-C circuit. The current is decreased due to incre;‘!sed
Impedance, and the power factor is leading. g 4

If the frequency of the circuit is greater than resonant frequency, then XL>XC and
the circuit behaves as a R-L circuit. The current is@lSo decreased and the power

factor is lagging. » Q. /S

Bandwidth of a series resonant cireuit Y

Fig.2.41 ‘

The current versus frequency curvqor a series resonant circuit is shown in the fig
2.41. At resonance, the currentiis,maximum.

Bandwidth of a circuit isdefined'as thefrequencies which lie between two points
on either side of the resonant freguency where current is 0.707 of its maximum
value. N

As shown in the fig.2.4 G )y

Bandwidth, BW'=42 - f1 %

Where, f1_ ZLower'cut=off frmncy.

F2 =upper cut-0 f.rmygqqy.

The gtirrent at po nlts Aand B =0.707 Im

106(.6 =8 Wa '

Hence this‘two points A and B on the resonance curve are know as half power
frequency points. Bandwidth may also be expressed as

Where, Fr=-R€sonant frequency

Q = Quality factor

PARALLEL RESONANCE

Resistor (R), inductor (L) and capacitor (C) are connected in parallel across a
sinusoidal voltage of variable frequency source. An R-L-C parallel resonance



circuit is shown in the fig 2.43(a) and its vector diagram is shown in the fig
2.42(b).

Fig.2.42(a)

(b)

At resonance,

Therefore, IL and IC are equal in magnitude but opposite in direction.
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Resonant frequency

At resonance,

PARALLEL RESONANCE (TWO BRANCH CIRCUIT)

A practical parallel circuit consisting of a coil of resistor (R) ant inducter (L) is
connected in parallel with a capacitor (C) as shown in the fig«2:43 (a)<the vector
diagram is shown in the fig.2.43(b).
Fig.2.43(a) Fig.2.43(b)

The current in the coil (IL) is lagging behind the applled voltage V by an angle
OL.

The current in the capacitor (IC) leads the voltage by 90,
For I'is in phase with the applied voltage, the current’lL sin ®L must be equal to
IC. ) . 4

At resonance, IC = IL sin ®L ¢ Y

108 ‘

Resultant current at resonance

At resonance, the current intheei cu‘ IS in pha:’e with the applied voltage.

From the vector dlagram ('f\q 25 45

n

Fig.2.44

L/CR is the equiva pedar.'c and is much larger than actual resistance. So
parallel resonant circui rs maximum impedance and the current is minimum.
Resonance curve /

Impedance’versusfreq uenc‘y"c':ﬁ rve

The |mpedancq rsus fr fequency curve of a two branch R.L.C parallel circuit is
shown in'the flg; S | the impedance of the circuit is maximum. At resonance. As
the ?mquenqx,chan es from resonance, the circuit impedance decreases rapidly.
109

Fig.2.45 y

For frequenei€S below resonance, the capacitive reactance XC is higher. Therefore,
more current will flow through the coil. Thus the circuit behaves as inductive and
the current lags behind the applied voltage.

For frequencies above resonance, XL is higher. Therefore, more current will flow
through the capacitor. Thus the circuit behaves as capacitive and the current leads
behind the applied voltage.



Current versus freguency curve
fig.2.46

Fig 2.46 shows the current versus frequency curve of the parallel circuit. The
current at resonance is minimum. As the frequency changes from resonance, the
circuit current increases rapidly.

Q-factor of a parallel resonant circuit

The ratio of circulating current between L and L to the supply current is know as
current magnification or Q-factor of the parallel resonant circuit.
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Comparison of series and parallel resonance

S. No. .

Particulars P
Series resonance circuit -.
Parallel resonance circuit g y
1.

Resonant frequency

2 ¢ &N\ '\

Impedance at resonance 3
Minimum . ;
Maximum . V
3. r

Current at resonance ‘ )
ng_imum | A "
Minimum A 1

4, ¢ Q7

Dynamic resistanc A\

R vV,

5. /

Power factar.at resohance

Unir(l)h J |

o1 | )7

Q factor D

Applications of'resonance

7 It is usedsintank circuit of an oscillator.

1 It is used 1n micro wave communication.

7 It is used in the tuning circuit of ratio and T.V to obtain the required station.
Example 2.18

A series circuit with R=5 ohms L=20 mH and a variable capacitor C has an applied
voltage with frequency of 1000 Hz. Find the value of C for series resonance.



Given Data

111

Resistance , R=5 Q

Inductance , L=20 H

Frequency = 100 HZ

Solution

Capacitance, C=1.27 x10-6f
Example 2.19

A coil having a resistance of 6 ohms and reactance of 9 ohms in serig§'with a
capacitor such that the combination resonates at a frequency of 5 [
value of capacitance and the current if the supply voltage is 220V. %

Given Data A

Resistance , R =6 Q .

Inductive reactance X L =9 Q ’ y
Frequency, f=50 HZ L j
Voltage , V = 220 volts A _ ' 4
Solution ; p N ’
Current, | = 36.66 amps d

Example 2.20 » ,
112 ) N/
A series circuit contains a resistange of 5 onms and inductance of 0.4H and a

variable capacitor across 100 V , 50shertz supply. Find (a) the capacitance for
getting resonance (b) the p.dﬂ)ﬁs uctance and capacitance (c) the Q factor for

the series circuit. A 1
Given Data ¢ QS
Resistance , R=5 %
Inductance , L=04H Q./
Frequency , f =50)HZ 7

Voltage , V&= 100 Volts

Solution N Wh I.1X

Fig. 2747\, ¢ N -

At sonanc \L:Jl €4

(a) thelcapacitance for getting resonance

1 »
2nfL= N’
2nfC

11

4m2 f2 L 4n2 (50)2 x 0.4
C =25.333x10-6 f=25.33 puF



V 100

Circuit Current, I ==

R5

I =20 amps

(b ) P.d across inductance , VL = IXL = 20 x 2xnfL
=20x2n50x0.4
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= 2513.27 volts

| 20

P.d across capacitance , VC = XC ==

2xnfC 27 X 50 x 25.33 x 10-6 »
=2513.27 v -
(c) Q factor for the series circuit

XL 2mfL | ) 4

Q factor == ' Q ,‘
RR d /
271 x50 X 0.4 ) b N
Q factor = '

5 »
Q factor = 25.133 ~ v

Example 2.21
For the circuit shown in figure detérmine the frequency at which the circuit
resonates. Also find the voltw inductor/at resonance and Q factor of the

>

circuit. 1
Fig.2.48 /7 ‘\\ y

Given Data Q
Resistance , R =10 Q .l/
Inductance , L==011 H 7

Frequency4f =50HZ
Voltage , V =~J.0 volts .

Solrbn\. -l

Y iy Y

2nfrL = )

2nfrC -

11

114

fr==

27V LC 22V 50 x 0.1 x 10-6
Resonant frequency fr = 71.176 Hz



V 100

Circuit Current , | ==

R 10

I =10 amps

(b) P.d across inductance , VL = IXL = 10 x 2xnfL
=20x2n50x71.176 x0.1

= 447.21 volts

(c) Q factor for the series circuit

XL 2=fL

Q factor ==

RR .
2nx 71.176 x 0.1 -
Q factor =
10 ! )

Q factor = 4.4721 A )

Example 2.22 ‘ ’ 4

For the circuit shown in fig. determine the frequency aﬁwhiqh the Circuit resonates.
Also find Q factor , bandwidth , impedance of the'@ifcuit andicurrent drawn by the

circuit. '
Fig.2.49 V

’ 4
Given Data
Resistance , R=5 Q ,
Inductance , L = 150 uH 4\ l
Capacitance , C = 150 Pf &{50 X 10-12'1y
115 y 4 ' Y

Frequency , f=50 Q

Voltage , V = 0.2 volt ‘l/

Solution 7

At resonanée. XL = XC \ 4

1 . 1 \.‘l—n"

275?‘ .

inl RN '/

frimmes »

21N LC 2150 x 10-6 x 150 x 10-12
Resonant frequency, fr = 1061 KHz

Q factor

XL 2xfL

Q factor ==

RR



27 x 1061 x 103 x 150 x 10- 6

Q factor = =199.99

5

Q factor =199.99

fr 1061 x 103

Bandwidth = =

Q 199.99

=53 KHZ

L 150 x 103

Impedance ,z==

CR 150 x10-12x5 .
Z =200 KQ Lm0
V0.2

Circuit Current, | == | y
Zmax 200 x 103 A, !

I=1pA ' 4
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UNIT — 11 :

TRANSFORMER AND MACHINES, V

TRANSFORMER y

Introduction [

A transformer is a static electrical I‘achine which transfers electrical energy from
one circuit to another circuitﬂ*u?ange in its frequency. Due to
electromagnetic inductign\p{incip e the transfer of energy takes place.

(or) ¢ Q/

A transformer is a rical device that transfers electrical energy between two or
more circuits through el€étromagnetic induction. Electromagnetic induction
produces an electromotiveforce within a conductor

Transformér Construction

The physical brl\si sﬁ,aﬂa,nsformer is mutual induction between two circuits
linked"byra comrrfT magnetic flux. In its simple form, it consists of two inductive
coil wh(ic_h e ele t!ically separated but magnetically linked through a path of low
reluctanice as shown in fig. 3.1

Fig.3.1 ) |

It consists‘efithiree essential parts , they are

1.Primary winding

2.Secondary winding
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3.Laminated iron core

I/p primary



O/p secondary

Principle of operation

Transformer works on the principle of mutual induction. When are A.C supply is
given to primary winding, an alternating flux is set up in the core. This flux cuts
both primary and secondary windings. An e.m.f is induced in the primary winding
according to self induction principle. According to faradays mutual induction
principle, an e.m.f is induced in he secondary winding. if we connect a load to the
secondary winding, current will follow through the load. In this way, electrical
energy is transferred from the primary to secondary circuit.
Types of transformer

1.Step - down

2.Step -up P

1.Step - down e

If the number of turns in the secondary winding is less than that of the prﬂry
winding, the e.m.f induced in the secondary wmdmg willbe less thanjhe e.m.f
induced in the primary winding. This type of transformers IS calleil step down
transformers. y

2.Step-up

If the number of turns in the secondary winding is mage than that of the primary
winding, the e.m.finduced in the segondary winding wilPbe more than the e.m.f
induced in the primary winding. This type of transformiers is called step up
transformers. ‘

Ideal Transformer -~ g )

An ideal transformer is stas@\ electtic machine"which transfers electrical energy
from one circuit to anather €ircuit without any losses. It consists two purely

inductive coil of h -free‘a)f
Characteristics )
1. no windingsresistance therefore{ there is no I2R losses

2. no leakage flux T

3. no cqre losses Eor)ﬂgo losses in the core.

According.to con tI[uction, transformer divided into two types
iy ccﬁaﬁtype @nsfo er
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2.shell type transformer

CORE TYRE-TRANSFORMER

Fig.3.2 (a)

Fig.3.2(b)

In core type transformers the winding surround the core as shown in fig.3.2 (a) &
(b)

1 The core is made up of thin laminated silicon steel.



2 The laminated steel cores are insulated from each other by means of varnish.
3 The laminated core minimizes the eddy current loss.

4 The thickness of lamination varies from 0.35 mm to 0.55 mm since the core
5 Since the core is made up of silicon steel, the hysteriesis loss is reduce

6 The cross section of the core may be rectangular for small transformers

7 For large, the cross section of the core should be either square (or) stepped as
shown in the fig.3.2(b)

8 The primary and secondary winding of core type transformer are wound
helically.

9 Coil is insulated from one another using mica. .

119 ,

SHELL TYPE OF TRANSFORMER: - .
Fig.3.3
In shell type transformers the iron core surrounds the wmdmgs y

1. The core is made up of thin laminated silicon steel .

. The laminated steel cores are insulated from eaCh other by means ef varnish.
. The laminated core minimizes the eddy cusrent loss.
. The thickness of lamination varies from 0.35 mmo 0.
. Since the core is made up of silicon steel, the hyste@sm Joss is reduce

. The cross section of the core mayde rectangular for siall transformers

7. For large, the cross section of the core should be either square (or) stepped as
shown in the fig.3.3

8. Coil is insulated from onea ing mlca’

In this transformer, the wcﬁq:ore surrouncis the windings the entire flux passes
through the central part of iron cere. But out side the central core it divides into

two parts going in Wctl‘m In this type low voltage winding is placed next to

« L\

o Ok, wiN

the core and the high v e wnﬁiing Is placed around the low voltage winding.
E.M.F EQUATION OF ATRANSFORMER
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Consider a traqsf?rmﬂr lﬁv;ng
Let, \

N1 prlmar urns| ) 7

N2 —secondary turns

® = maximum flux in the core

f=freq of thewaC voltage applied

Fig. 3.4

Flux in the core will vary sinusoidal as shown in the waveform

The flux increases from zero value to max value ‘®m’ is % f second.
The change of flux is ¥% f second = (®m-0) Weber’s.

Om



Rate of change of flux is the second =

(1/41)

= 4f®Om

Since the flux is varying sinusoidally, the r.m.s value of induced e.m.f is obtained
by multiplying the average value with the form factor,

Form factor of sine wave =R.M.S value/average value = 1.11

R.m.s value of e.m.f induced is one turn = 4f ®m*1.11

=4.44 f dm
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R.m.s value of e.m.f induced in primary winding E1 =4.44 f ®m 1

R.m.s value of e.m.f induced in secondary winding E2 = 4.44 f®m

In an ideal transformer, e.m.f induced in any winding is equalte.the V@ltage across
its terminals on no load.

Applied voltage, V1 = E1 o y
Secondary terminal voltage, V2 = E2 )
Voltage transformation ratio ¢ » 4
E14.44 f Om N1 N2 b

Voltage transformation ratio====K )

E2 4.44 f ®m N2 N1 » W

If N2 > N1 k > 1, then the transformer is called step up‘transformer

IfN1> N2k <1,then the transforrner Is called step down transformer

Current transformation ratio »

In an ideal transformer, | )

Apparent input power = Amqarent o‘!)ut power

V11 =V2I2

I1/12=V2/V1= 1—

Problems QD,'

Example 3.1

A 200 KVA..33007/240 Voltﬁ)HZ 1® transformers has 80 turns on the
secondary Wm i ing an ideal transformer calculate (1) the primary and
secandary. currer:‘sJ n full load (2) the maximum value of flux (3) the number of
prir:r‘1 ary turrg )7

GiveRldata

Rating of the transformer = 200KVA = 200x103 VA
Primary voltage , E1 = 3300 volts

Secondary voltage , E2 = 240 volts

Secondary turns N2 = 80 nos

Frequency, f=50 Hz

122

Solution



E2 N2

Voltage transformation ratio — = —

E1 N1

E2 3300

ON1=—xN2=x80=1110turns

E1 240

Secondary output (rating) = 200 x 103 VA

Rating 200x103 VA

o Secondary current, 12 = = = 833.33

E2 240

12 = 833.33 amps

Rating 200103 VA Ve

Primary current, 11 = = = 60.606A I |

E1 3300 \ Y
El=4.44 ®mfN1 o -

11 = 60.606 amps . > 4

E1 3300 ‘ ) B

Maximum flux , ®m = = = 0.0135 %

4.44fN1 4.44x50%1100 » \ /

®m = 0.0135 webers / '

Example 3.2

A 6000/600 volt, 50 Hz, single ph transformgr has a maximum flux density of
1.4 web/m2 in its core. If the $sectional’area of the iron core is 0.02 m2,
calculate the number of s in the primaFy“and the secondary of the transformer.
Given data L W

Primary voltage , E1 =6000 vol

Secondary voltage , E2 0 vo

Maximum fluX deqsity, Bm 1,4 web/m2

Net cross.sectionaliarea of the'iron core = 0.02 m2

Frequer[c%/, f“:u|5(i My

Solytion ™

=8 = N
123

Primary turns, N1 =

4.44 Omf

Maximum flux ®m = BmxA =1.4x 0.02
®m = 0.028 wb

E1 6000

Primary turns, N1 = = = 965

..l/



4.44 dmf 4.44x0.028 x 50

N1= 965 turns

®m = BmxA =1.4x 0.02 =0.028 wb
E2 600

Secondary turns, N2 = ==96.5 turns
4.44 ®dmf 4.44%0.028 x 50

N2 = 96.5 turns

Transformer test

The performance of transformer can be calculated on the basis of itsgquivalent
circuit which contains four main parameters the equivalent resistafice RO1 as
referred to primary (or secondary R02 ) ,the equivalent leakage’tea
referred to primary (or secondary X02 ), the core loss conduetance
magnetizing susceptance B0 .These constants are paramc;_ters can be easil
determined by two test. open circuit test (O.C) short circulit test (S.C) y
Open Circuit (O.C) Test on Transformer

Open circuit test is used ’ , ,‘:
“] To determine no load constants RO, X0 y

“| To determine core loss :

124 ) Q. /S

Fig.3.5 / Y

The connection diagram of O.C. test is shown in the fid.3.5. The rated voltage is
applied to the primary winding , kgoing the se:gndary Is open. The readings of
voltmeter ,. Ammeter and Wat.e&el‘e recordgd. Let the respect readings are

given below. A ]
Ammeter reading = 107 Q.
Voltmeter reading N
Wattmeter reading = G )y

WO representsithe power Input to the transformer on no load. It is equal to sum of
core loss and,copper loss. Sinc&’the no load current is small , the copper loss, (120
RO1) very smxakl. ence ﬂq copper loss at no load is neglected. Therefore W0
readig shows th Iiore loss.

Fro th_i(s_regiing 0;-X0 are calculated as followed,

V01066560 = W0

Power factor, cos ©0 = W0 / VO 10

Core loss Gemponent of no load current IC = [0cos©0
Magnetising component of no load current Im = 10sin ©0
No load circuit constants

RO=VO0/ Ic,

X0=V0/Im

Short Circuit (S.C ) Test on Transformer:



Short circuit test is used to

1 determine load constants RO1 (or) R02, X01(or) X02

2 determine copper loss at full load
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Fig.3.6

The connection diagram S.C. test is shown in the fig.3.6. A reduced voltage is
applied to the primary winding and keeping the secondary short-circuited. The
applied voltage is gradually increased until full load current flows through the
transformer. The reading of ammeter, voltmeter and wattmeter are rec¢orded. Let
the respecting readings are Is ,Vs ,Ws.

Here the core loss is negligibly small since the applied voltage i§ vesy spialt. Se the
wattmeter reading (WSs) will give the full load copper loss ofsthe transfermer.
Vsls cosOs = WSs H‘

Power factor, cosOs = Ws / Vsls ‘ y
Impedance, Z01 = Vs/Is j

Full load copper loss, Ws = Is2 R0O1 g 4

Total resistance, RO1 = Ws/ Is2 ( RO1 is total resistanceeferred 0 primary side)
Total reactance is primary side, X01 = vV Z012 - RQ12

LOSSES IN A TRANSFORMER Q. /

Losses divided into two types, . Y

1 core (or) iron losses ‘

2 copper losses

1.Core (or) iron losses A N /

These losses consist of hySteresis and eddyseutrent losses and occur is the
transformer core due to the alterpating flux. These losses can be determined fro

open circuit. N
Hysteresis loss o f BmI* G %
Eddy currentloss a.f2 Bm2t2 7/

Both hysterésis and'eddy current losses depend upon maximum flux density (Bm)
in the core suppl frmyﬂc,y(f). Since transformers are connected to constant
fre cy,,constg:isupply voltage, both f and Bm are constant. Hence core (or)
iro Ioss§§ are pra i|:a'lly same at all loads.

Core(@r) ironloss ,Pi = hysteresis loss eddy current loss

= constant losses

2.Copper “lesses
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These losses occur in both the primary and secondary windings due to ohmic
resistance. These losses can be determined from short circuit test.

Primary winding copper loss = 112R1

Secondary winding copper loss = 122R2



Total copper losses, Pc = 112R1 + 122R2
= 112R01 (or) 122R02

Copper loss occurs when the current flows through the winding. It is equal to I2R.
The loss varies as square of the load current. Since the copper losses vary with load
current it is called variable loss.

Total losses in a transformer = constant loss + variable loss

=Pi+Pc

Eddy current

When the armature core rotates, it also cuts the magnetic flux. Hencg’,"an e.m.f is
induced in the body of the core according to the law of electromaghetic induction.
This e.m.f though small, set up large current in the body of the €or
resistance. This current is known as eddy current. N
Efficiency of a transformer HA
Efficiency of a transformer is defined as the ratio of output power to inputpower
Out power |

% efficiency , = % 100 g ,‘"
Input power y '
Efficiency of a transformer can be calculate, after‘determine the losses
Output power » /

- putp : Qk \/

Output power + losses ‘

Output power | )

o ST
utput power + copper |osses + iron losses
All day efficiency QA

The all day efficieneyiis, defineghas the ratio of output is kWh to the input is KWh
of a transformer dmwhol day.

Output is kWh |

4

All day,efficiency/=ifor ,hrs
Inpuirds kKWh \ )‘ -

Condition fg ma>li|lnum efficiency

The candition for maximum efficiency is copper loss should be equal to iron loss.
Condition of maximum efficiency is,

Copper loss=*iron loss

Output power

Efficiency, n =

Input power

Output power

n s



Output power + losses

Losses = iron loss + copper loss

Output power = V212 cos02

Core loss , pi = Hysteresis loss + Eddy current loss
Copper loss pc = I112R1 + 122R2 = 122R02

V212 cos62

Efficiency, n =

V212 cos02+Pi+ 122R02

Divided both numerator and denominater by 12
V212 cos62

12 a

V212 cos02 Pi 122R02

{ .
+ + ’

1212 12 2 }
V212 cos62 ¢ I >
n= , p

V2I2 cos62 + Pi + 122R02
For maximum efficiency, denominator should be mimimuma?2

128 v

d/d12 (V2 cosB2 +Pi/ 2+12R02)= 0
0-Pi/I22+R02=0 |

RO2 = Pi / 122 -\ )
Pi = 12R02 |

Core (or) iron los=co pgr 1088, /

This is the conditi K, maximum efficiency.

Regulation of a Trans er Wy’

When the transformer secondary is connected to the load, the current flow through
the secondary winding resistante and reactance causing a voltage drop. This
voltage,drop mpri/mmq increase in current. Therefore terminal voltage across

at the”secendary'winding changes. The change in voltage from no load to full load
Is known as the regulation of the transformer.

No leadVoltage full load voltage
% regulation = »

No load voltage

E-V

% regulation = x 100
E

Where, E = no load voltage
V = full load voltage



Application of transformer

1. The transformer is used to either step up or step down the voltage

2. Itis used in power supply for electronic circuit

3. In generating station the transformer step up the voltage for transmission.

4. Itis used as an auto transformer starter for starting the induction motor.

5. Itis used as an instrument transformer for increasing the range of meters.
Example 3.3
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Find the efficiency of a 150 KVVA transformer at 75% of full load at"p.f and
100% of full load at 0.8 p.f lag. If full load copper losses are 1.6 kw and the core
losses are 1.4 kw. -

Given data PN

Rating of the transformer = 150KVA = 150x103 VA ” -.

core loss (or) iron loss, Pl = 1.4 kw y
copper loss, Pc = 1.6 kw
Solution

Efficiency at 100% of full load (at 0.8 p.f lag) y _N
Output power )

% of Efficiency , 1 = . ,

Input power / V
Output power at any load = load x‘rating X power factor
Output power at 0.8 p.f=1 x 150 )‘).8 =120 va

Input power at 0.8 p.f= Outptn)gwt‘+ total loSses

|
V 4 ~
p &

l y

2 y 1

(copper loss at any load = Ioéd x#ull load copper loss)
2 <

copper loss at full load =&, x full%ad copper loss
=116 7/

=16kw &£ ) 4

Total lgsses = Y(o loss Hycopper loss

= 147N =3 \E

Inp t\poyv_erg[Q.S IJ[ Z 120 + 3 =123Kw
Output power

% of Efficiency/at 0.8 p.f, 7 =

Input powers=""

120

=x 100

123

n=97.56 %
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Efficiency at 75% of full load (at u.p.f)

2

copper loss at any load = load x full load copper loss
32

copper loss at 75% of full load = x 1.6

4

= 0.9 Kw

Total losses=0.9+1.4=23K

Output power at 75% of full load =0.75x 150 x 1

=112.5 Kw

Intput power at 75% of full load =112.5 + 2.3 "
=114.8 Kw P
Output power ,
% of Efficiency at 0.8 p.f, | = o] )
Input power - l

1125 _ 4

=x 100 , y
114.8 )
n=97.99 % » ,
Example 3.4 ’ V
A 60 KVA single phase transform?rgave the following test results.

Open circuit test : 3000V applied t‘orimary, power taken 430w

Short circuit test : primary ou-t‘t()u‘er Is 525w. Calculate the efficiency (1) at

full load A 1

(2) half load at 0.7 power factor,/

Given data _ N

Rating of the transform 60K‘9A;¢ 60x103 VA
131 7/

core loss (af).iron 10ss, P1 = 230w = 0.43 Kw

Full load Copper shli(*n:,525w = 0.525 kw
SoOlydonN,

Effﬁ]gxaguil IcJa’l (at 0.7 p.f lag)

Output power

% of Efficiency; 1 =

Input pow

Output power at any load = load X rating X power factor
Full load output power at 0.7 p.f =60 x 0.7 =42 Kw
Input power at 0.7 p.f = Output power + total losses
Total losses = Iron loss + copper loss

=0.43 + 0.525 = 0.955Kw



Input power at 0.7 p.f =42 + 0.955 = 42.955Kw
Output power

% of Efficiency at 0.8 p.f, 1 =

Input power

42

=x 100

42.955

N =97.77 %

Efficiency at half load (at 0.7 p.f)

2

copper loss at any load = load x full load copper loss
12 -\
copper loss at 75% of full load = x 0.525 = 0.131Kw (

2 ! 4

Total losses = 0.131 +0.43 = 0.561K a )
132 ¢ I /
Output power at half load =0.5x 60 x0.7 y ’
=21 Kw )

Intput power at half load =21 + 0.561 ,

= 21561 Kw / N/

Output power [

% of Efficiency at 0.8 p.f, f = ‘ )

Input power 4q\ 1‘

2} AN

=x100

21.561 _ ‘#

i =97.39 % VD,

DC MACHINES /

Introduction T ) 4

D.C. generatoris a€leetgical machine which converts mechanical energy (or power

)in to#eleetrical e {gy (or power ). The energy conversion is based on the principle
of tﬁrogu |on 0 Qynamlcally or motionally. Induced e.m.f .

Whengver a conductor cuts magnetic flux and e.m.f is produced in it according to
Faraday’s laws of electromagnetic induction. This e.m.f causes a current to flow if
the conducter€ircuit is closed. Mechanical energy is given o the generator by
means of rotation of armature it is known as prime mover.

e.g. prime mover-diesel engine, turbine wised mill.

Construction of dc machines
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Fig.3.7



The construction diagram of DC machines is shown in fig. 3.7. It consists of
following main parts are
1. Yoke (or) magnetic frame
2. Magnetic poles
3. Field coils
4. Inter poles (or) Commutation poles
5. Commutator
6. Brushes
7. Bearing and end cover
Yoke (or) magnetic frame
1.1t provides mechanical support for the machine and act as the‘magnetig”flux
produced the N
pole ‘
. It forms the portion of magnetic circuit. it carries the magnetlc flux Promed by
the poles.
. It is made up of cast iron for smaller machine for Iarger machlnesﬂ Is made up

of case steel. p
134 !

Fig.3.8 » y
Magnetic poles . AV
Fig.3.9

The field magnet consists of pole c‘es and poleshoes.

(1) The spread out the flux ln-heu‘p )

(2) They support the field®oils.

Pole cores and pole shoes arg built with these laminations of steel. These
laminations are hel ether Fjsi&gjrivets. The cores are laminated to reduce the

eddy current loss. The etic pales are fitted inside the yoke by means of
SCrews. | /
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Field cils g /iy

Field/€otls are usually Wou’nd with enameled copper wire. The magnetic field
strength dep@ds ul the current flowing through the coil. The north and South
Pole depend upon the direction of the current flow through the field coil.
Fig.3.10 y

Inter polessef) Commutation poles

1. The function of inter pole is to improve the commutation and to reduce the
armature reaction.

2 . The exciting coils on the interlopes are connected in series with the armature.
Armature



The armature core is keyed to the machine shaft and it rotates between the field
poles. It consists of slotted steel laminations. These laminations are stocked to
form a cylindrical core.

Fig.3.11
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Fig.3.12

The laminations are insulated from each other by thin coating of varnish. The
purpose of the lamination core is reduce the eddy current loss. Armature winding
divided into two,

(1) Lab winding: for low voltage, high current machine
(2) Wave winding: for high voltage, low current machine
Commutator _—

The commutator is made up of copper segments insulateg‘ from one another by
mica sheets. The number of segments is equal to the number of armature ¢oils. The
segment is connected to armature conductor. Armature conductors arg,! soldered to
the commutator segment in a suitable manner to g'fve rise to.the arlmature winding.

&

Fig.3.13 y
Function of commutator :
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1. Collection of current y 4

2. Current from the armature conductor.

3. It converts alternating current in‘lced in the irmature conductors are to
unidirectional current. “Wg \ @

Brushes A 1

Brushes are made up of carbon and rest on the commutator. The function of the
brushes to collect t fromithe commutator to the external stationary load. The
brushes are put inside t ush helders. The brush holders are kept pressed against
the commutater-bysa sprin a;s‘sgown 10 fig..3«ld

Fig.3.14 & ) |

Bearing and»epd cover . .

Beapifig .

Ball bearings (or) r!>||ers bearings are fitted inside the end cover. Armature shaft is
mounted over these/brings.

End over y

End over aresfiade up of cast iron fabricated steel. They are fitted to both ends of
yoke.

Armature winding
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Type of winding

(1) Lab winding




(2) Wave winding

Lab winding

Fig.3.15 (a)

Lab winding is shown in fig. 3.15 (a)

1. Lab winding is used in large output current and low voltage dock machine.

2. In lab winding, the number of parallel paths (A) is equal to the number of poles
(P).

e, A=P

3. The number of brushes is made equal to the number of poles.
Wave winding

Wave winding is shown in fig. 3.15 (b)
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Fig.3.15 (b) H‘

1. Wave winding is used in low output current and high voltage d.c mach%

2. In wave winding, the number of parallel paths (‘A) =2 f

3. Number of brushes =2 : ' 4

D.C GENERATOR )

Introduction

An electrical generator is a machine which converts rQEhapical energy in to
electrical energy. . Y

D.C Generator Principle of Operation

Electrical generator is based on thejprinciple that whenever a conductor cuts
magnetic flux an e.m.f is indu in!‘e conductor. This e.m.f causes a current to
flow if the circuit is cIoged\Ihe directiongofinduced e.m.f is given by “Fleming’s
right hand rule.” ¢

The important co lents Sfﬁ.c enerator are,
1. A magnetic field | I
2. Conductor(or) group of'cenduetors

3. Motion af conductor with T'l%ﬁect to magnetic field.

L]

N
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Fig.3716 (e) |

Figi8.16 (b) N

In D':C g@neratars , @ stationary magnetic field is produced by field magnets. The
armature consisting of conductor is rotated inside this magnetic field by a prime
mover. Thesprime mover may be a turbine or diesel engine petrol engine. The
nature of e.m.f induce in the armature conductors is alternating (A.C). The A.C
e.m.f converted into unidirectional e.m.f (D.C) by means commutator. The
commutator rotates along with the armature.

The method of producing emf in a single loop generator is explained with the help
of fig.



Fig.3.16 (a) & (b) shows a single loop of copper coil ABCD moving in a magnetic
field. The two ends of coil are joined to two slip rings ‘a’ and ‘b’. These slip rings
are insulated from each

141

other. Two collecting brushes press against the slip rings a, b as shown in the
fig.3.16 The brushes collect the current induced in the coil and supply it to the
external load.

When the coil rotates inside the magnetic field the flux linked with the coil
changes and hence e.m.f is induced in the coil, which is proportionalsto-the rate of

change of flux linkages. Imagine the coil to be rotating is the clock= wisedirection.
When the plane of the coil is right angles to flux lines i.e., in poSiti here 0 =
0) the flux linked with the coil is maximum, but rate of changexflux liakages is

minimum. Because in this position the coil side AB and €D do not cut'ershare the
flux. Hence no e.m.f is induced in the coil at position-1.|

Now the coil moves to at position-3 from position;l. When, the coil re_ﬁched the
position-3 (where 6 = 90° ), the coil plane horizental to the flux lines the flux
linked with coil is minimum , but the rate of change of flux Ijnkag!rs IS maximum.
Therefore maximum e.m.f is reduced in the coil pgsition 3.

In the next quarter revolution from position 3 positiomysS ( 90" to 180°) the flux
linked with coil is gradually increases but'the rate of chahﬁe of flux linkages is
decreases. Therefore maximum e.m.f is reduced is zero position 5.

Now the coil moves from position?toposition 7 (180° to 270°) the e.m. induced in
the coil is In the reverse direcm\ refore at position 7 , the e.m.f induced is
negative maximum. Thendhe coil movesfrom position 7 to position 1, the flux the
linked with the coil graduallysingreases, but the rate of change of flux linkages
decreases.the e.m.fAfiduced is‘zero at position 1. Thus the emf induced in the coil
Is analternating e.m.f a wn incfig:3.17

Fig.3.17 %
If the slip rings arereplaced Uﬁplit rings, the alternating e.m.f will become
unidirectional (Eurrera( ¢ The split rings are made out of a conducting cylinder

whigh'is sut into'two segments insulated from each other by thin sheet of mica.
The, cpilfe'ndgaiej il]ned to this segment. Carbon brushes rest on the segments.
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Fig.3.18(a) Fig.8.18 (b)

Fig.3.18(ayshBws the connection of coil ends with split rings ‘a’ and b. in the first
half revolution current flows along ABLMCD in the brush No: 1 is contact with
segment ‘a’ acts the positive end of e.m.f and b’ act as the negative end.

In the next half revolution the direction of current in the coil has reversed as shown
in fig.3.18 (b). But at the same time the positions of segment a and b have also
been reversed. The segment ‘a’ is coming in contact with brush no: 2 and becomes



negative end of induced e.m.f. Again the current in the load resistance flows in the
same direction is from L to M. The current is unidirectional current due to
rectifying action of split rings (also called as commutator)

Fig.3.18 (¢)
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The unidirectional current is shown in the fig. To minimize the ripple in D.C
current , the number of coil in the armature should be increased.

Fleming’s Right Hand rule

Keep the thump, fore finger and middle finger of the right hand mutualy
perpendicular to each other. If the fore finger points the direction.@f magretic flux
lines and the thump points the direction of motion of conductor”, then t iddle
finger points the direction of induced e.m.f (or) current. _

Types of D.C Generator

D.C Generator : 7’
Separately Excited D.C Generators Self Excited D @.Generators f

shunt generators D.C series generators D.C shunt compound : 4
generators p _N

Long shunt compound Short shunt compound ?

What is excitation? »

The current flows through the field winding for productloﬁ of magnetic flux are
called excitation.

Depending upon the method of exc‘atlon D.C ginerators are classified as,
(1).Separately excited D.C Gener to‘

(2).Self excited D.C Generator ]

(1).Separately excited D.C.Generator

In separately excit genéna r, the exciting field current supplied by a
separate source as show fig.3%20~When current flows through the field
winding, the main pole be rﬂgmagnet and the flux lines are produced.
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Apgtitations l i I§r

If ithas coant d. L output voltage , these generators are used for

1. Battery charglng

2. Supply source to d.c motor

(2). Self Exeitéd D.C Generator

In self excited d.c generator, the emf induced in the armature supplies the exciting
field current. Therefore , need not separate d.c supply for exciting field poles.
Depending upon the way in which the field winding is connected with armature ,
self excited d.c generators are classified as,

1. D.C shunt generator



2.D.C series generator

3.D.C compound generator
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1.D.C Shunt Generator

Fig.3.21

In D.C shunt generator, field winding is connected in parallel with the armature
winding as shown in fig.3.21. Its field winding has many turns of thin wire having
high resistance. Then armature rotates emf is induced due to the residual
magnetism. Due to induced e.m.f, field current (ll) flows and hence ffux and
voltage increases.

D.c shunt generator, la = IL + Ish ’
Where, la = armature current P
= load current
Ish= shunt field current | y
Application j
1. It is used in battery charging g 4
2. It is used in electroplating. p :
3. Itis used as exciter for alternator. :
D.C Series Generator [

In d.c series generator , the field winding is connected m's'érles with the armature
winding as shown in fig.3.22. It cafries a large current.”Its field winding has few
turns of thick wire having low resi‘ance.

la=1L=Ise “‘\" /
146 # \ |
Fi1g.3.22 V¢

Where,

la = armature current Q ?y

= load current
Ise = shuntdield current
For series gen rno g characteristics is absent because the circuit is closed
only,when. loa fonnected The load current flows through the field winding and
produces fI In s r S generator, as the terminal voltage increases with the load
current’. Booster to compensate for load voltage drops.
Application  ~
1. It is usetsp@Dster.
2. It is used for supply to arc lamps.
D.C Compound Generator
147
Compound generator is a machine which consists of series field winding and shunt
field winding. In d.c compound generator both series and shunt field winding are

4
e



connected with the armature winding as shown in fig.3.23 & 3.24. The flux of the
pole depends on the total flux of both field winding. Depends upon the connection
field winding d.c compound are classified into two types.

1. Long shunt d.c compound generator

2. Short shunt d.c compound generator

1.Long Shunt Compound Generator

In long shunt compound generator , the series field winding is connected in series
with the armature winding and shunt field winding is connected in parallel with
this arrangement as shown in fig.3.23

In long shunt compound generator, la = Ise .

la=Ish + IL .

Fig.3.23 -

Short Shunt Compound Generator 4

In short shunt compound generator , the series field winding is connegted)in series
with the armature winding and shunt field winding is.connected is par};lllel with this

arrangement as shown in fig. 3.24. > 4
148 y
Fig.3.24. !

Ise = Ic )3 y

la=Ish + IL p N/

Depends upon the connection of figld winding the d.c compound generator are
further classified into two types.

1. Cumulative compound generator: )

2. Differentially compogntkgenerator ]

1. Cumulative compound generator

If the series field fl ds with s‘?unt field flux it is called as cumulative
compound generator. %

In cumulativescompound generator , the flux produced by the shunt field winding
and flux preduced by the seriegfield winding acts in the same direction. Hence the
total field flux ac ing in ﬂﬂi? type of generator is sum of these two fluxes.
Totalflux, @ = IL Ose

Dif erer]tilaly Competind Generator

If the'series field, flux opposes with the shunt field flux, it is called as differential
compound d.c generator.
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In differentially compound generator , the flux produced by shunt field winding
and the flux produced by the series field winding acts in the opposite direction.
Hence the total field flux acting in this type of generator is difference of these two
fluxes.

Applications



1. Differentially compound generators are used for D.C welding purpose.

2. It is used in power offices and hotels.

3. Itis used where power is to be transmitted to a long distance.

D.C MOTORS

Introduction

An electric motor is a machine which converts electrical energy into mechanical
energy. The parts and construction of D.C motor are as same as that of D.C
generator.

Principle of Operation (Or) Motor Action

Whenever a current carrying conductor is placed in a magnetic field, a mechanical

force is produced on the conductor. The direction of force is given by “f€ming’s
left hand rule”, -y
The magnitude of the force, F = B | L Newton 4 |
Where, F = force in Newton | 7’
B = magnetic flux density in web/m2 : f
I = current in ampere. ) 4
= length of the conductor in meter. p _N
To understand the principle of operation of d.c moter. Let us consider a two pole
motor. . A
Fig.3.25 (a) p /'

Fig.3.23(a) shows a uniform magnegtic field in which no current carrying conductor
Is placed. The direction of magnetr‘flux is from north to south pole. There is no

movement of the conductor. =gy, - )
10 A |
Fig.3.25 (b) y

d.c current is sent thro he conduetor. Let the conductor carry the current away
from the observeralt produces a magnetic flux lines around that in clockwise
direction. Tfere is'Ho movemeRt of the conductor.

Fig.3.25 (¢) *

In figrFig.3.23 ((i) he current carrying conductor is placed in magnetic field. The
fleI(Ei due to the current’in the conductor aids the main field above the conductor
(flux strengt ens) but opposes the main field below the conductor. (flux weakens).
It is found that a force acts on the conductor, trying to push the conductor
downwardssas”shown by the arrow (the conductor is pushed from high flux density
to low flux density from high flux to low flux density).

Fig.3.25 (d)

If the current conductor is reversed (current towards the observer ), the
strengthening of flux lines occurs below the conductor will be pushed upward as
shown in the fig. Fig.3.23 (d)

In fig. Fig.3.23 (b)Wo‘ax iting current flow through the field winding and
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Fig.3.25 (e)

Now consider a single turn coil carrying a current as shown in the fig. Fig.3.23 (e).
The coil side ‘A’ will be forced to move downwards, where as the coil side ‘B’
will be forced to move upwards. The force acting on the coil sides ‘A’ and ‘B’ will
be same magnitude but their direction is opposite to one another. As the coil is
wound on the armature coil , which is supported by the bearings armature will
rotate. The direction of rotation is found out by “ Fleming’s right hand rule”.
Fleming’s Left Hand rule

Keep the thump, fore finger and middle finger of the left hand muttally
perpendicular to each other. If the fore finger points the directioh ofymagnetic flux
lines and the middle finger points the direction of current flowtin the'¢enductor,
then the thump points the direction of rotation of conducprs

Back e.m.f (or) Counter e.m.f 7'
When D.C supply is given to d.c motor its armature rotates. The arma[ure rotates
and cuts the magnetic flux lines. Therefore e.m.f4 is induced.in the|arfnature
conductors (By faraday’s of electromagnetic aiduction)~This induced e.m.f
opposes the supply voltage (by Fleming’s Left Hangrule). Hence the e.m.finduced
in the armature is called back e.m.f. (or).counter e.m.i
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Fig.3.26 ‘

OZNP ‘ l
Back e.m.f, Eb = 4-\ ‘

60A A N

Also, Eb=V - laRa ~ QA

Where, N

® = flux per pole is We qi,’

Z = number of€onductors s the armature
P = number‘of poles

A = number oflp allel

V =gstpply voltagre to the motor

la armatur curreh‘

Ra = armature resistance.

Types of D.C Motor

Dependingupdn the way in which the field winding is connected with armature
winding the D.C motors are classified as,
1. D.C shunt motor

2. D.C series motor

3. D.C compound motor
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1.D.C. Shunt Motor

In d.c shunt motor the field winding is connected in parallel with armature winding
as shown in fig. 3.27 The shunt field winding has a large number of turns and
smaller cross section area and high resistance.

Fig. 3.27

Applied voltage, V = Eb + laRa

Armature current, la = IL - Ish

Where,

Eb = Back e.m.f

la = Armature current

IL = Line current .

Ish = Shunt field current - .

Ra = Armature resistance. H‘

2.D.C Series Motor

In D.C series motor, the field winding is connected in series with the érmature as
shown in the fig. 3.28. The series field winding hés Iarge Cross sectlo'nal area , few
number of turns and low resistance. '
154 ;
Fig. 3.28 .

In d.c series motor, IL=1la=Ish 4 A“V,
Applied voltage, V = Eb +1aRa +Isé Rse

= Eb +laRa +la Rse b

=Eb+la(Ra+Rse) (la= Iseh“ )

Where, Eb = Back e m.f & |

la = Armature current

IL = Line current

&N\

Ise = Series field curre Qr,r
Rse = Series field resistan /
Ra = Armattre resistance

3D Compo n

Ind ompound otor%%th series field and shunt field windings are connected
wit the ar ure |pd|ng Depending upon the connection of field winding, d.c
compound motors are classified into two types,

(i) Long shunt d.c compound m

(i) Short shunt'd.c compound motor

(i) Long Shunt D.C Compound Motor

In long shunt D.C compound motor the series field winding is connected in series
with the armature winding and the shunt field winding is connected in parallel with
this arrangement. This is shown in fig. 3.29
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Fig. 3.29

In long shunt compound motor,

la = Ise

IL=1la+ Ish

(if) Short- Shunt D.C Compound Motor

In long shunt D.C compound motor the shunt field winding is connected in parallel
with the armature winding and the series field winding is connected in series with
this arrangement. This is shown in fig. 3.30

Fig. 3.30

In short shunt compound motor,

IL = Ise y

156 - .
IL=la+ Ish {
Depending upon the way in which the shunt field flux and series field qu%t with
respect to each other, d.c compound motors are classified in to ,

(a) Cumulative compound motor ¢ _ 4

(b) Differentially compound motor , py ;

Applications of d.c motors

Shunt motors are used where constant speed is required at lew starting torque

D.C. shunt motor .

1. It is used to drive centrifugal pumps

2. It is used to drive highs machinetool

3. It is used to drive wood worki n‘chine )

4. Itis used to drive paper"m\ills 1

5. Itis used to drive drill'ing.{nachines etc.

D.C series motor )
D.c series motors are u hereQﬁgh starting torque is required.
It is used to drive 7

1. Electrictfains T \ 4

2.Crangs = N .-

3. Lifts and Conv& ors é't}:.'

D.c‘ﬁm{pp d motor”

D.C compounfmotors are used where intermittent high starting torque is required.
It is used to drive

1. Rolling'mitfS

2. Printing machines

3. Shears

4. Punches etc.
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INDUCTION MOTOR
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Introduction

As a general rule the conversion of electric power in to mechanical power takes
place in the rotating part of an electric motor. In d.c motors the electric power is
conducted directly to the armature (rotating part) through brushes and
coommutator. Hence in this sense, a d.c motor can be called a conduction motor.
However in a.c motors the rotor does not receive electric power by conduction by
induction in exactly the same way as the secondary of a two winding transformer
receive its power from the primary. That is why such motor are known as induction
motor

Induction motor
Induction motor is a machine which converts electrical energy ihto'mechanical
energy. There is no electrical connection between the supplysveltage the motor
winding. E .m. fis induced in the rotor by electromagnetic induction. Se.it,is/Called
induction motor. | y
Induction motor are classified into two types. They are,
(1). Single phase Induction Motor ’ 4
(2). Three phase induction motor p _N
SINGLE PHASE (1@) INDUCTION MOTOR

It is motor with only one set of windingswound on thq‘tatop. It has a squired cage
rotor. There is uniform air gap between stator and rotor,'Stator and rotor are not
electrically connected. ‘

Why single phase induction motah is not self starting?

In single phase (1®) inductienimotorjthe rotor is a squirrel cage rotor. In stator,
only one winding (main winding) is provided#\When an a.c supply (single phase) is
given to the stator winding, Qn alternating (pulsating) magnetic field is produced.
Therefore the rotor»ﬁﬁjn both directions alternatively. But the rotor does not

rotate continuously. So'the singlefphase (1®) induction motor is not self starting.
The followingsmethod is used to self start a single phase (1®) induction motor
1. Phase splitting method

(a) By using sti\rt',ngavigqipg

(b) By‘using a Cal% itor in the winding

(€) By shaded polesi)~
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2. Series motor method.

3. Repulsionsriethod.

Types of single phase (1®) induction motor

1. Split phase induction motor

2. Capacitor start induction motor

3. Shaded pole induction motor

4. Repulsion motor



CAPACITOR START INDUCTION MOTOR
Construction

The construction of a capacitor start induction motor is shown in the fig. Fig. 3.31.
two winding s are provided in the stator. They are,

1. Starting winding (or) auxiliary winding

2. Main winding (or) running winding

Fig. 3.31
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A capacitor and a centrifugal switch are connected in series with thestarting
winding. The Main winding has low resistance and high reactancefwhereas starting
winding has high resistance and low reactance. The main winding di

current flows in the starting winding. Hence the torque of the motor will b
increased and will be able to start at load. The capacitor Is generally of ele€trolytic
type and it is usually mounted on the outside of theamotor as separate_hnit. Squirrel
cage motor is used. ’ ’ 4

Working y :

The current in starting winding Is always leading‘the currentin main winding, Im
by about 90° by properly selecting the capacitance Va&e_.When the current flows
through the stator winding a rotatingsmagnetic field is pr'uﬁused. The rotating
magnetic field cuts the rotor conductors. This induces an e.m.f in the rotor
conductors. Hence a magnetic fielduis step up inithe rotor. Due to the interaction of
the two magnetic fields, (statomand‘tetor ) the rJtor rotates. The centrifugal switch
disconnects the capacitor@nd starting winging from the supply when motor reaches
about 75% of the rated speed,

Fig. 3.32 (a) N
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Fig. 3.32 (b) /

The vectordiagram'is shown'ivthe fig. 3.32(a) The current Im lags the supply
voltage,V byalla eangk and current Is leads the supply voltage by a certain
angle”The two aig ents are out of phase with each other by about 90°. Since the
torcﬁ_g dg\fel,gpgd |rj proportional to the sine of angle between Is & Im . The speed —
torque characteristics of capacitor start induction motor is shown in fig.3.30 (b)
Applications ~

It is usedirrfathes

It is used in drilling machines.

It is used in fan and flowers.

It is used in wet grinders.

It is used in washing machines.

It is used in pumps.

Sk wnhE
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STEPPER MOTOR

Introduction

Stepper motors are called stepping motors or step motors. The name stepper is
used because this motor rotates through a fixed angular step in response to each
input current pulse received by its controller. In recent years, there has been wide
spread demand of stepping motors because of the explosive growth of the
computer industry.

Stepper motor is a device which transforms electrical pulses into equal“increments
of rotary shaft motion called steps.
Step angle

The angle through which the motor shaft rotates for each command pulse is called
the step angle.

|
The stepper motors are classified into three types. They are, 7’
1. Permanent magnet stepper motor ,'
. 4 -
2. Variable reluctance stepper motor , 4
3. Hybrid stepper motor PN,

PERMANENT MAGNET STEPPER MOTOR}

The rotor is made of a permanent - magpet material Ii‘_magnetically ‘hard’
ferrite. The stator has projecting poles but'the rotor is cyﬁﬁdrical.

When a particular stator phase is energized, the rotor magnetic poles move into
alignment with the excited stator p‘es. Consider a stepper motor having 4- pole
stator with two phase windingias i:wn in fig. 3.33. Let the rotor made up of
permanent magnet with ;ﬁpqles. The statargpoles are marked as P,Q,R and T. They
are excited with pulses supplied by power transistors. The power transistors are

switched by digital ollers'@r,computers.
162 \ Ry
Fige8.33 /

Fig.334 &£ ¥ \ 4

If first excitatiqn 's.aapqud,to P and R, they develop the magnetic polarities
indigatedsin step-i Ias shown in fig. 3.34. Then the rotor sets itself vertically. If P
and R are svﬂtcbed OFF and Q and T excited as in step-2 an alignment torque is
developed' on the rotor to turn its axis to 90°.This will move the rotor in horizontal
position. y

If Q and Tare’switched off and P and R re energized with reverse polarity, the
rotor turns a further 90°. This will move the rotor to vertical position (step-3). If P
and R are switched OFF and Q and T re-energies with reverse polarity the rotor
turns a further90°.This will move the rotor to horizontal position (step-4), Here the
direction of rotation is anticlockwise. The direction of rotation of the stepper motor
can be reversed by changing the current directions suitably.
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Applications

1. It is used in computer peripherals (floppy disk driver, line printer etc)

2. It is used in robots

3. Itis used in X-Y plotters

4. Itis used in machine tools.

Universal motor

A universal motor is a special type of motor which is designed to run on either
DC or single phase AC supply. These motors are generally series wound (armature
and field winding are in series), and hence produce high starting terque.
why, universal motors generally comes built into the device they
drive. Most of the universal motors are designed to operate at higher'speeds,
exceeding 3500 RPM. They run at lower speed on AC supply than they‘tun oh DC
supply of same voltage, due to the reactance voltage drop which is present'in AC
and not in DC. .

~

There are two basic types of universal motor g 4
(i) Compensated type py .
(i) Uncompensated type !

Construction of Universal motor » : y

Construction of a universal motor isgZery Similar to the génstruction of a DC
machine. It consists of a stator on which field poles are’ mounted. Field coils are
wound on the field poles. However‘the whole r:)agnetic path (stator field circuit
and also armature) is Iaminatehlkan‘nation IS mecessary to minimize the eddy
currents which induce v;hﬂqoperating on' AC.

The rotary armature is/of woundsype having straight or skewed slots and
commutator with bréiShes resting,on it. The commutation on AC is poorer than that
for DC because of the nt in&wed in the armature coils. For that reason
brushes used_are having high,resistance.

Working oftiniversal motor
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Fig. 335" l Bl

A upi_ve[szlil otor \lvprks on either DC or single phase AC supply. When the
universal motor is fed with a DC supply, it works as a DC series motor. When
current flows in‘the field winding, it produces an electromagnetic field. The same
current alSesfl6ws from the armature conductors. When a current carrying
conductor is placed in an electromagnetic field, it experiences a mechanical force.
Due to this mechanical force, or torque, the rotor starts to rotate. The direction of
this force is given by Fleming's left hand rule.

When fed with AC supply, it still produces unidirectional torque. Because,
armature winding and field winding are connected in series, they are in same



phase. Hence, as polarity of AC changes periodically, the direction of current in
armature and field winding reverses at the same time.

Thus, direction of magnetic field and the direction of armature current reverses in
such a way that the direction of force experienced by armature conductors remains
same. Thus, regardless of AC or DC supply, universal motor works on the same
principle that DC series motor works.
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SPEED / LOAD CHARACTERISTICS

Fig. 3.36

Speed - load characteristics of a universal motor is similar to that@f DC series
motor. The speed of a universal motor is low at full load and vefy figh at'no load.
Usually, gears trains are used to get the required speed on required [oad. The
speed/load characteristics are shown in the figure. 3.36 4 |
Applications of universal motor ‘

1 Universal motors find their use in various home applianees like vac_,hum

cleaners, drink and food mixers, domestic sewing‘machine etc. 4

"1 The higher rating universal motors are used‘inyportable drills, Blenders etc.
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UNIT IV » 4

MEASURING INSTRUMENTS AND CRO Y

1.1.INTRODUCTION

These days most of the scientific a‘I industrial measurements required very fast
responses. The mechanical anmlgc ical instrur‘ments and systems cannot cope up
with this requirement. Thésnecessity to'step.up response time and also the detection
of dynamic changes inscertain. parameters, which require the monitoring time of the

order of ms and manyitimes LL‘SJh ve led to the design of today’s electronic
instruments and their ass@eiated Clreditry.
1.1.(a) Measurements /

The ‘Measurement” of a giveT'l‘@antity Is essentially an act or the result of
comparison beiw enihe,qqantity and a predefined standard.

(b) mStramen sf

Me@syreﬂrqergigvo‘vpsusing an ‘instrument’ as a physical means of determining
quantities or variables. Instrument is a device used for determining the value or
magnitude of a quantity or variable.

1.1.(c) Indieating Instruments

Indicating instruments are those instruments which indicate the magnitude of the
guantity being measured. The indications are given by a pointer moving over a
calibrated scale.

Example: Ammeter, Voltmeter and Wattmeter.

Uses of Instruments and Measurement System



(i) Monitoring of process and operation
(if) Control of process and operation
(i) Experimental engineering analysis

BASIC FORCES FOR INDICATING INSTRUMENTS
There are three types of basic forces for the proper operation of any indicating
instruments, they are,
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(a) Deflecting force
(b) Controlling force and
(c) Damping force
(a) Deflecting Force -
Deflecting force that is used to move the point form its zero-position
deflecting system or moving system. Deflecting system of an instrument conyverts
electric current or potential into a mechanical force. (i.e., deflecting Forc?\/
The system which produced the deflecting force i IS, called deflecting sttem or
moving systems. 4
The deflecting force and be produced by any.ene,of the'following ‘effects.
(i) Magnetic effect (ii) Electrostatic effect
(iii) Thermal effect (iv) Induction effect, Q. /
(v) Chemical effect ¢ Y
(b) Controlling Force
Controlling force is required to keq the pointe |€t the final position steadily. It is
also used to bring the pomter'u: tu'ero position. It is used to produce a force
equal and opposite to the de\lectlng forceyofithe final steady position. If this
controlling force is absent the palnter will swing beyond the limit and deletion will

be indefinite.
They are two types to prawide coﬁtrolling force , they are

(i) Spring Contral Metho %

(i) GravityControl Method

(i) Spring Conir | Met

In spring Control,ﬁge controlling force is provided by springs. The springs made up
of p{nosphorPronz
The essential requiréments for instrument springs are

(1) Non - magnetic

(ii) Low resistivity

(iii) Low temperature co-efficient
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The spring A and B is shown in fig. 4.1 which are coiled in the opposite directions.
The pointer is attached to spindle. Under the influence of deflecting torque the
pointer moves. During the pointer movement one of the springs unwinds itself and

he

1’



the other spring gets wounded. This wounding produces controlling torque. This is
directly proportion to the angle of the deflection of the moving system. The pointer
comes to reset, when deflecting torque (Td) is equal to the controlling torque

(Tc)

Fig.4.1

Controlling torque is directly proportional to the angle of twist (0)

Taob

Deflecting torque is directly proportional to the current (1) following through. i.e.
Td ol

The spring controlled instruments have uniform scale. .

(ii) Gravity Control Method ,

In gravity control method, a small weight is placed on an arm of the meving
system which is adjustable. This weight produces a contrglling force d ri?he
deflection position. ‘

Td="Tc )
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Another arm has attached the spindle at an angle,of 900:from the Control weight
arm. The controlling force is proportional of deflection moving system. In this arm
a balance weight is attached for balance,the weight o@i})ﬁ)inter.

Fig.4.2 ¢ -

In zero position of the pointer control weight is vertical. When the pointer is
deflected thro, an angle 6 from its Zero position,jthe control weight will be in

dotted position as shown in ﬁm\z R ] )
Tc=wsinf x| A ]
Where, 4 Q.

WI = constant 9

W = control weight 4 P4

| = distance from the axis Of rotation
0 = angle of deflection.

TC (0 Sime Y L ‘H )
Finaldeflected p sition Td=Tc
0 1@ sind o )

Current'to be measured is proportional to since of the angle of deflection of the
pointer. It has not uniform scale.

(c) Dampir'l’g‘force

Damping force is used bring the pointer to rest rapidly and smoothly with out any
oscillations.
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They are four types to provide damping force , they are

(i) Air friction damping



(i) Fluid friction damping

(iii) Eddy current damping

(1) Air Friction Damping

Air friction damping is one of the methods for producing lamping force (lamping
torque).

Fig.4.3

The fig.4.3 show the arrangement with an light aluminum piston attached to the
moving system. The arrangement with a light aluminum piston attached to the
spindle that carries the pointer and moves with in a air chamber. Thegiston moves
in a fixed air chamber is closed at one end. Due to the oscillation ghe piston will
moves into and out of the air chamber. .
If the piston moves rapidly into the chamber, the air inside the'echam
compressed and then the pressure inside the chamber opposes the motionof the
position. If the piston is moving outside, the pressure inside the chamber falls and
therefore the outside pressure becomes grater than‘that of Inside the ckjamber. Thus
the motion of the piston is again opposed. Thus the movement,of thepiston in
either direction is opposed and thus the oscillations argreduced.

(if) Fluid Friction Damping )
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Fig.4.4 p Y

In the fluid friction damping circular disc (or) light vartes are attached to the
spindle to the moving systems as sl‘pwn in fig.4.4. The discs are dipped into a pot
of lamping oil are completelyﬁ;(n jed into th‘e oil. When the spindle moves by
deflecting torque, the di§c~a,Lso moVves R aeircular motion and produces friction
force. The frictional force always opposes the motion. The damping oil must be a

goods insulator non“évaporatingynon-corrosive upon the metal of the discs.
(iii) Eddy Current Damping by’

It is also knownassmagnetic er electromagnetic damping system. When conductor
moves in admagnetic field an'&.f is induced in it. If a closed path is provided for
this e.m.f a currentwilkflow and set up its own flux. This flux interacts with the
maigsmagnetic figlf and produces a damping torque.

Flg'i45 % Wa

In the'eddy current damping, the disc aluminum is mounted on the spindle as
shown in the fig. 4.5. At its one end a permanent magnet is mounted in such a way
that is enclesed a part of the disc within its pole faces. When the disc rotates along
with the pointer some e.m.f produces eddy current. This eddy current in the disc,
produces doming force and the pointer to
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rest. The opposes the motion and torque produced is proportional to the strength of
the magnetic and the current produced.

1’



PERMANENT MAGNET MOVING COIL INSTRUMENT (PMMC)

The permanent magnet moving coil instrument is the most accurate type of direct
current measurements.

Principle

The working of this PMMC instruments based on the principle that when a current
carrying conductor is placed in a uniform magnetic field, a mechanical force acts
on the conductor.

Construction

The fig.4.7 shows a permanents magnet moving coil instrument. Thesvarious parts
of the instrument are

(a) Powerful permanent magnet (b) Soft iron pole pieces

(c) Moving coil (d) Pointer .
(e) Scale (f) Spindle

(a) Powerful Permanent Magnet : The powerful permanent magnet |st heart
of instrument. It is made up of ALNICO.

(b) Soft Iron Pole Pieces: A soft iron core is motinted between the poles of the
permanent magnet to reduced the air gap and.give uniform radial field.

(c) Due to pole pieces arrangement more magneticjflux is present in between pole
faces. U-shaped magnet is mostly useds

(C) Moving Coil : A coil of many turns of-enameled or s'r‘rk covered copper wire is
wound on light aluminum frame. Thhis coil can move freely between the poles and
iron core. The coil provides eIectrowtagnetlc damping. The moving coil assembly
Is mounded on a pivoted spindie as ‘own in thJ fig.4.6.
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(d) Pointer : The pemter is Ear{i d by the spindle and moves over a graduated
scale. It is light weight €@nstructi@ns-t is indicated the reading.

(e) Scale : The'scale has graduatiens marked in uniform. The scale marking either
for 90° or 120° \ 4

(f) Spindle : Cl'pe pointe |s,carr|ed by the spindle. The controlling torque is
producedhby two CtLosphor bronze hair springs. It attached at the top and bottom of
the §p|ndle rent damping is produced by the movement of the aluminum
frame' movmg |n the magnetic field of the permanent magnet.

Working Principle

7 When thesetirrent to be measured is passed through the coil, a magnetic field is
produced.

1 Due to the interaction between permanent magnetic field and the coil magnetic
field a deflecting torque is produced.

1 Hence the pointer moves over the graduated scale. At the same time the control
spring produced controlling torque.




[1 When the two torques are equal the pointer comes to steady state and indicates
the reading.
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The control springs are attached to the moving coil in a such a manner that when
the pointer moves the spring will move in rewind direction and so the control
spring provides a mechanical torque which is opposite to the electromagnetic
torque developed by the coil.

Deflecting torque in the moving coil (T) = BAIN N-m

Where, T is the torque in N-m

B = flux density in the air gap in web/m2

A = area of the coil in m2 .

| = current in amps P

N = number of turns of the coil .

Advantages 7'

1. Consumes very small power. |

2. Very high torque weighty ratio. 4

3. Uniform scale

4. No hysteresis loss.

5. No effect of stray magnetic field. ~S

6. Very effective and efficient eddy edrrent depending 1 \rfrowded
Disadvantage

1. High cost.

2. Errors due to ageing of perr.sn‘agnet anJ spring.

3. This instrument can not'ke used for A.G:measurements.

4. Limited to D.C measurements.

Error in Moving struhne
1. Weakling of perman agnetsidue to ageing at temperature effects.

2. Weakling asspring due t0 ageing at temperature effects

Shunts and"Multipliers

Definition g /Sy
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Sh ts and Itlplle[srare the common devices. Which are employed for extending
the rafge of instrument. It is used to calibrate the instruments.

Explanation »~

When heawpefirrents are to be measured the major part of the current is bypassed
through a low resistance called a “shunt”. The low resistance is connected in
parallel with the low range ammeter as shown in fig.4.7.

Fig.4.7

Fig.4.8



For measuring high voltages the moving coil meter is converted into a D.C
voltmeter by connecting a series of resistance called “multiplier”” as shown in
fig.4.8.

Requirements of a Shunt
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1. Shunt must have a very low temperature coefficient of resistance.

2. Multiplying power of the shunt must be independent of temperature.

3. shunt resistance should not vary with time of usage.

4. Thermoelectric e.m.f of the shunt should be small.

5. Shunt should carry current without excessive temperature rise.

Material Used for Shunt :

1. ‘Manganin’ is a useful material for D.C measurement _="_

2. ‘Constantan’ is a useful material for A.C measuremen]ﬁ‘

D.C AMMETER CIRCUIT 7'
Fig.4.9 ]

The D.C ammeter circuit is shown in fig.4.9. A bésic PMMGC instrupent can be
converted into an ammeter by the use of shuntto,carry/the major Of the line
current. The shunt resistance is in parallel with the meter resistance. So the voltage
drop across the shunt is equal to the meter resistance le\tgw drop.

Let v

| = main circuit current ‘

Im = meter current ‘

Ish = shunt current 4-\ ‘ l
Rm = meter resistance & N

Rsh = shunt resistances QL
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The main circuit current@f will glsplit into two parts. ‘Im’ is the low current
flowing through'the ammeterand4sh is the heavy current flow through the shunt.
Thus I = Ipi% Ish T

In the parallel (iirTuiuanltage drop across the shunt and the meter must be the
sam \ |

Voltage dro Erosls meter = Im Rm 2

Voltage drop across shunt = Ish Rsh 3

Equating the equations 2 and 3

Im Rm = IskeRSh

ImRm

Rsh=4

Ish

From the equation 1

| = Im+ Ish



Ish=1-Im5

Substituting the equation 5 in equation 4

Im Rm

Rsh =

I -1Im

D.C VOLTMETER CIRCUIT

Fig.4.10
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A basic PMMC meter movement is converted into a voltmeter by comnecting a
series resistance with it. This series resistance is known as multi
combination is connected across the circuit whose voltage is to’be"
shown in fig.4.10. The multiplier limits the current through.thesmovi
current should not exceed the value of full scale deflectiqgi current, so u@ier IS
used.

The voltage range can be extended by means of different values of mtﬁtiplier
resistance. _ y
Where , y :

Im = meter current }

Rm = meter resistance » ,

Rse = multiplier resistance . V

VVm = voltage across the meter

V = voltage to be measured ‘
Vm=ImRm “my, ! )

V = voltage across the meter + vo\ag acress'the multiplier
V=ImRm+ ImRse » ’

ImRse =V - Im Rm" \‘t
V-ImRm Q.,v
0 - Y 4
S&Rse = = < 3

Im

Requirements;oiaﬂuﬂplier

1. Th€ resistance Zould remain constant with time.
2| V\rjtipuegtpul be’non inductive.

3. It should have a low temperature co-efficient.

4. Low thermoelectric e.m.f with copper

Material Used for Multiplier

1. Manganin

2. Constantan
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Voltmeter sensitivity is a parameter that indicates the ability of the meter to
indicate the input voltage accurately specified in term of Q/V. If the sensitivity is
high, then the meter can indicates even very small input voltages accurately.
Voltmeter sensitivity is defined as the resistance of the voltmeter per one volt
measured by it or it is the reciprocal of the maximum deflection current (Im) of the
meter

BRIDGES

Bridge circuits are used for measuring component values and other circuit
parameters such as resistance, inductance and capacitance. In bridges€ircuit the
unknown values of the components are compared to that of an aceliratelyyknown
component. :

Basically there are two types of bridges, they are N
1. D.C bridge . ‘

2. A.C bridge : y

1. D.C bridge : f

D.C bridges are mainly used for measuring D.C s€sistance. Wheatstone bridge” is
used for measuring medium D.C resistances andy‘Kelyin,Dquble l')ridge” IS used
for measuring low D.C resistances )

2. A.C bridge ~ y

A.C bridge consist of four arms , source of-excitation and’null detector. The A.C
bridges are used to measure the values of inductance and capacitance. ‘Maxwell’s
bridge’ and ‘Hay’s bridge’ are use!‘for measurement of self inductance. ‘Wein
bridge’ and ‘universal impedane\br‘ge’ are used for measurement of frequency.
WHEAT STONE BRIDGE ]
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Wheatstone bridgeiﬁﬁm}ﬂes form of bridge used for measuring low and
medium value of resistanges. The¥fig4.11 show the Wheatstone bridge circuit.
Fig.4.11 /

It consists af four resistive aﬂﬂ((P,Q,R,S), EMF source (E) and null deflector.
Usually galvanemeten (Q is’used for null deflector. The source (E) is connected to
‘A’ afid “B’, galvanometer connected to ‘C’ and ‘D’ .The galvanometer has zero
cenge( scf:alllewyvkhen tl}ere IS no current , the galvanometer reads zero. i.e., bridge is
balanced.

When the bridge is balanced, the potential difference between the point C and D is
zero. Hencesn@ current flows through the galvanometer. Under this condition
voltage drop between A and C is equal to the voltage drop between A and D.
Similarly the voltage drop between B and C is equal to the voltage drop between B
and D.

Hence under balanced condition

ILP=12R1




Since the galvanometer current is zero.

E

I1=13=2

P+Q

E

2=14=3

R+S

Where E is the e.m.f of the battery
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Substitute the equation (2) and (3) on equation (1)

PR+PS = PR+QR

PS=QR4 -

Hence if four resistance have know value, the four resistafce may be detérmiried
from the equation(4). ‘ ?ﬂ
Where, ‘R’- unknown resistance. :

Resistance ‘S’ is made adjustable to permit balanc?ng. Thisresistance is called
standard resistance arm and P & Q are called.fatio arm.», '

Applications

1. To find the resistance value of unknown resistors ofithe range 0.1 to 100000
2. To measure the inductance, capacitance and frequenc%y suitable arranging the
components of deferent arms.

3. Forms the basic four different brigge.

4. To measure Q-factor, dissi'p.'gn ffvtors of c«‘ls and capacitors.

Effects of Connecting Leads ]

When measuring the lew value of unknown resistance using wheat stone bridge,
the error will occur. to the'eonnecting leads of unknown resistance and contact
resistance. This error is‘@¥ercome inKelvin’s double bridge circuit.
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UNIVERSAL IMPEDANCEBRIDGE ARRANGEMENTS TO MEASURE
R, L, C Lo | A'

The Mniversal ‘n‘&) dance Bridge is one of the most useful laboratory bridges. It
conﬁadina(ti_orgsgvert‘ pridge configurations into a single portable instrument. It is
capable of measuring both D.C and A.C resistance, inductance and a Q- factor of
an inductor, capacitance and dissipation factor D of a capacitor. The universal
impedancedpriige consists of four basic bridge circuits. It has suitable A.C and D.C
sources , A.C and D.C null detectors and impedance standards.

Resistance Measuring Bridge

Wheatstone bridge is used for both D.C and A.C resistance measurements as
shown in fig.4.24(a). For D.C resistance measurements a suspension type



galvanometer having a sensitivity of 0.5u A per scale division is used. The null
indicator for A.C resistance measurements is usually a electron ray tube.

Fig.4.12 (a)

Capacitance Measuring Bridge

Capacitance and dissipation factors are determined by modified Desaulty’ s bridge
as shown in fig.4.12 (b)
Fig.4.12 (b)
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Inductance Measuring Bridge
The Fig.4.12 (c) shows the arrangement of inductance measuringridge.lt is used
for measuring inductance of medium of coil using Maxwell’s Brid

Fig.4.12 (c) -\

The Fig.4.12 (d) shows the arrangement of inductance m,easurlng bridge. it is'used
for measuring inductance using Hay’s Bridge . y
Fig.4.24(d) | )
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CATHODE RAY OSCILLOSCOPE (CR@)
Introduction :

The Cathode Ray Oscilloscope (CRO)is an electrorf)ﬁs_ device, which is
laboratory instrument used for studying wave shapes o *c'tlfernating currents and
voltages as well as for measurement of voltage, current, power and frequency and
phase shift with respect to amplltu* distortion 3nd deviation from the normal.

It allows the user to see the ampli ud,of electrigal signals as a function of time on
the screen. It is widely usecu‘or troublesheeting radio and TV receivers as well as
laboratory work involying research and” design. In true sense the cathode ray
oscilloscope has b e of thexmost important tools in the design and
development of moder ctroni€eircuits.

Block Diagramofia CR %

Fig.4.13 Block Diagram
The black dlag a .Qﬁcm IS shown in fig.4.13. the varies block of simple CRO

are olfows. rin
athode I%@yTul) (CRT)

2 /ertical Ampllfler

3. Horizontal Amplifier
4.Time Base*Generator
5.Trigger Circuit
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6. Delay Line

7. Power Supply

1.Cathode Ray Tube (CRT)

" N\ L\



The instrument employs a cathode ray tube (CRT), which is the heart of the
oscilloscope. It generates the electron beam, accelerates the beam to a high
velocity, deflects the beam to create the image, and contains a phosphor screen
where the electron beam eventually becomes visible. For accomplishing these tasks
various electrical signals and voltages are required, which are provided by the
power supply circuit of the oscilloscope. Low voltage supply is required for the
heater of the electron gun for generation of electron beam and high voltage, of the
order of few thousand volts, is required for cathode ray tube to accelerate the
beam. Normal voltage supply, say a few hundred volts is required fop'other control
circuits of the oscilloscope.
2. Vertical Amplifier
Vertical Amplifier is also called as Y-amplifier. It is used to-amplify‘the input
signals. Vertical deflection plates are fitted between electron gun and s r?e*to

deflect the beam according to input signal. Electron beam strikes the scregh and
creates a visible spot. The signal to be viewed is sypplied to the vertic_hl deflection
plates through the vertical amplifier, which raisgs the potential, of theinput signal
to a level that will provide usable deflection ofithe elegtron heam.

3. Horizontal Amplifier

Vertical Amplifier is also called as X-amplifier. The Q‘Ntooth voltage produced by
the time base generator may not be safficient. External si%al is applied to
horizontal deflection plates through the horizontal amplifier at the sweep selector
switch as shown in figure. The hori'ontal amplifier, similar to the vertical
amplifier, increases the amplitﬁe%_ f‘1e input s’gnal to the level required by the
horizontal deflection plates,of CRT. |

4. Time Base Generator . 4

The linear deflecti sweep of.the beam horizontally is accomplished by use of
a sweep generator that corporated in the oscilloscope circuitry. The time base
generator used‘to generate'sawtooth voltage, require to deflect the beam in the
horizontal séction.t \ 4

5.Trigger Ci--rqui ' -
The grigger circui{ IS used to produces trigger pulse to start saw tooth signal. This
circp[t a!sg qguzlo q to synchronize the horizontal deflection with the vertical
input. It links the vertical input and horizontal input. The trigger pulse start the
time base generator at the starting time of the input signal.
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6. Delay Line

The delay line is mainly used to delay the transmission of signal voltage to
deflection plates.

7. Power Supply



Power supply provides the voltages required by the CRT to generate and accelerate
the electron beam. it also provides the voltages for various stages. High voltage is
given to the accelerating and focusing anodes of the CRT and low voltages to all
other circuits.

Principle of Operation of CRO

A basic block diagram of a general purpose oscilloscope is shown in figure.
Cathode ray tube and its various components will be discussed. The cathode ray is
a beam of electrons which are emitted by the heated cathode (negative electrode)
and accelerated toward the fluorescent screen. The assembly of the
intensity grid, focus grid, and accelerating anode (positive electrode) is called an
electron gun. Its purpose is to generate the electron beam and contrel i
and focus. Between the electron gun and the fluorescent screemare t
metal plates. One pair is provided horizontal deflection of the beam and-another
one pair to give vertical deflection to the beam. ‘

The input voltage is amplified by vertical amplifie‘r and passes throug_lﬁ a delay line
and applied to vertical deflection plates. In the most commonuse ofithe
oscilloscope the signal to be studied is first amplified and then apﬂlied to the
vertical (deflection) plates to deflect the beam vertieally and at the same time a
voltage that increases linearly with time.is applied to qe harizontal (deflection)
plates thus causing the beam to be deflected horizontal y'{t a uniform (constant)
rate. The signal applied to the vertical plates is thus displayed on the screen as a
function of time. The horizontal ax. serves as ajuniform time scale.

The horizontal voltage on the ~1lin S spot molles from left to right over the
display area of the screendilhe spot moves:from left to right on the screen with the
uniform speed. The verticalinput voltage moves the spot up and down on the
screen in accordanuﬁ%té‘ins antaneous value of voltage. Due to effect of both

voltages , the luminous'Spet tracesithe waveform of the input signal with respect to
time and can be'observed Omthe screen.
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CATHODE RAY MUBE (CRT )
Fig.4e14™ AT n

Cathode RaLTEbek CRT ) is a heart of CRO. The internal structure of CRT is
showr'in fig.' 4.14. it consists of varies parts. They are

1. Electron GunfAssembly

2. Deflection#plate assembly

3. Fluorescent screen

4. Glass envelope

1. Electron Gun Assembly

The electron gun assembly consists of an indirectly heated cathode, a control grid
surrounding the cathode, a focusing anode and an accelerating anode. The sole



function of the electron gun assembly is to provide a focused electron beam which
Is accelerated towards the phosphor screen. The cathode is a nickel cylinder coated
with an oxide coating and emits plenty of electrons, when heated. The emitting
surface of the cathode should be as small as possible, theoretically a point. Rate of
emission of electrons or say the intensity of electron beam depends on the cathode
current, which can be controlled by the control grid. The control grid is a metal
cylinder covered at one end but with a small hole in the cover.

The grid is kept at negative potential (variable) with respect to cathode and its
function is to vary the electron emission and so the brilliancy of the spot on the
phosphor screen.

2. Deflection plate assembly
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Electron beam, after leaving the electron gun, passes thratigh the two pai
deflection pates. One pair of deflection plates is mounted vertically and deflects the
beam in horizontal or X-direction and so called the horizontal or |- plafes and the
other pair is mounted horizontally and deflects theé beam in vertlcal or Y-direction
and called the vertical or Y-plates. ) N

These plates are to deflect the beam according to the voltage applied across them.
For example if a constant pd is applied to the set of Y. Iates the electron beam
will be deflected upward if the uppewplate-is positive. Wéase the lower plate is
positive then the beam will be deflected downward. Similarly if a constant pd is
applied to the set of X-plates, the eictron beam|will be deflected to the left or right
of the tube axis according to thcemron whetl‘er the left or right plate is positive.
When a sinusoidal voltage\ applied to-Yeplates, the beam will be moved up and
down according to theariatien of plate potential.

If the frequency ofw iSmore than 16 Hz the deflection will be a vertical

line in the centre of the en. In'Gase the sinusoidal voltage is applied to X-plates
and frequency-of variationtsymore than 16 Hz the deflection will be a horizontal
line. If poteftials are applied‘tﬂ‘ﬁoth sets of plates simultaneously, the deflection
will be an obligue/dline: 'qu amount of deflection is in proportion to the voltage
applied to.the pali f plates.

3. Rluorescent scree

The IANer face of the tube is coated with some fluorescent material such as zinc
oxide etc. When'high velocity of electron beam strikes the screen a spot light is
produced atsth€ point of impact. The colour of the spot depends upon the nature of
fluorescent material

4. Glass envelope (Glass Body And Base).

The whole assembly is protected in a conical highly evacuated glass housing
through suitable supports. The inner walls of CRT between neck and screen are
usually coated with a conducting material known as aquadag and this coating is



electrically connected to the accelerating anode. The coating is provided in order to
accelerate the electron beam after passing between the deflecting plates and to
collect the electrons produced by secondary emission when electron beam strikes
the screen. Thus the coating prevents the formation of — ve charge on the screen
and state of equilibrium of screen is maintained. Horizontal and vertical marks are
marked on the screen of the CRT to provide user a correct measurement.
Operation of CRT
The sole function of the electron gun assembly is to provide a focused electron
beam which is accelerated towards the phosphor screen. The hole insthe grid is
provided to allow passage for electrons through it and concentrate”the beam of
electrons along the axis of tube. Electron beam comes out fromrthe’eontrol grid
through a small hole in it and enters a pre-accelerating anodes
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This electron beam is focused on the screen by an electrastatic lens consi%g of
two more cylindrical anodes called the focussing anede and acceleratifng anode

e - E
apart from the pre-accelerating anode. The function of these anodes4Ss to
concentrate and focus the beam on the screensand aIso.Io‘_acceIeral'e the speed of
electrons.
When the beam of electrons leaves the accelerating anede it'comes under the
influence of vertical and horizontal @éflection plates.%ﬁe'n no voltage is applied
on the deflection plates, the beam of electron will proddce a light spot at the centre
of screen. The spot is made movab‘ by applyin? appropriate signals on both the
deflection plates. “| g |
FOCUSSING A l
A potential difference.s keptbetween these two electrodes so that an electric field

Is generated betwe m. éﬁnezding of electric field is caused because of
repulsion between elec ines. @y’

In the electropsgumof a CRT; middle anode is kept at lower potential with respect
to other twad'anodes and it act§ike an electrostatic lens and focal length of this lens
can be varied--qy anying,the potential of the middle anode with respect to other
two afodes. So fi crsing of an electron beam is done by varying the potential of
mid;dlke anode with the-help of a potentiometer, as shown in figure. By increasing
the positive potential applied to the focusing anode the electron beam can be
narrowed and the spot on the screen can be made a pin point.
Electrostatie®Focusing

An electrostatic focusing system is shown in fig.4.15. Electrostatic lens consists of
three anodes, with the middle anode at a lower potential than the other two
electrodes.
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Fig.4.15



In CRO electrostatic focusing is used to coverage the electron beam into a single
luminous spot on the screen. This method is called “Electron Lens System™ . in this
system the pre-accelerating anode is the first electrode. The second electrode is the
focusing anode. The third electrode is the accelerating electrode. The accelerating
anode and pre-accelerating anodes are connected to high positive potential (
+1500v ). And the focusing anode is connected to low positive potential ( +500v ).
The potential different between the focusing anode and accelerating anodes
produces a non-uniform magnetic field on each side of the focusing anode. So it
forms a “double concave lens”
The electrons the enter the electric field between the pre-acceleratihg and, focusing
anode makes an angle with the CRT axis. They refracted towards the CRT axis.
This approximated parallel beam then enters the electric field“betwe
accelerating and focusing anode. Now the beam is once again refracte to&come
convergence and focused on the screen at the centre of the CRT axis.
DEFLECTION SYSTEM ! f

Deflection system is used to deflect the electroneam.vertically or horizontally by
proper voltage applying across the deflectionplates. Thete are two types of
deflection system called electrostatic deflection and€lectromagnetic deflection. In
CRO electrostatic deflection is used. Q. /
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Electrostatic Deflection ,

Fig.4.16 ®

In electrostatic deflection systém an’sts of twc’ pair of deflection plates which are
placed at right angles to gach other. Electronsbeam after leaving the electron gun
passes through the two pairs of deflection plates. One pair of deflection plates is

mounted vertically:ﬂd%eb!&t e beam in horizontal or X-direction and so called
late

the horizontal or I-p d the'other pair is mounted horizontally and deflects the
beam in vertical'on Y -direction and called the vertical or Y-plates. These plates are
to deflect the beanﬁccording'ﬂfthe voltage applied across them. When no voltage
Is applied on --tt]e geﬂact' nyplates, the beam of electron will produce a light spot at
the ceftre.of screen C. When voltage is applied to the vertical deflection plates
such that upq;r‘pla e]potential Is positive and lower plate potential is negative, a
uniformelectrostatic field is produces between the plates.

When electron beam passes between the plates the electron attracted by the
positive platesdnd repelled by the negative plate. When electron beam leaves from
the deflection plates, it travels a straight line and touches the screen at ‘A’. The
deflection of the electron beam on the screen is proportional to the applied voltage
of the deflection plates.

If horizontal deflection is required ( i.e, to move the beam on the screen to the right
or left) a voltage is applied to the horizontal deflection plates.



VERTICAL DEFLECTION SYSTEM
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The vertical deflection system is used to providing faithful reproduction of the
input voltage waveform.

Block Diagram of Vertical Deflection System

The general block diagram of vertical deflection system is shown in fig.4.17. it
consists of various parts. They are,
Fig.4.17

a) CRO probe

b) input selector

C) input attenuator

d) vertical amplifier - .

a) CRO Praobe & \

The CRO probe is used to connect the vertical amplifier with the circuit Mer
measurement. The general purpose probe is called passive probe. It cdnsists ofa
series resistor and variable shunt capacitor. They are kept in probe bedy with a
probe tip and ground connector. p N '

b) Input Selector

It is three position switch such as A.C ,\D.C and grouﬁt When the input selector
switch is placed on the A.C positiongthe signal is couple‘(}fo the attenuator through
a capacitor. When the input selectr switch is placed on the D.C position the signal
is coupled directly to the attenuatogaWhen the input selector switch is connected
with the ground, the stored chmgu‘m input attenuator is removed.
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¢) Input Attenuator ~ :

The input attenuat sed to attenuate the signal to the required level. The input
attenuator consists of a ber oFRE voltage dividers. The attenuator is controlled
by the volts / division seleCtor switch. The selector switch is kept on the front panel
of the CRO£The sélector switeH is calibrated in term of the deflection factor (v/
div). Usually\ttie ange g.t‘qttenuator setting is 0.1, 0.2 ,0.5,1.2, 5,10,20 and 50
voltsgper ‘division{

D)\ ert[cgl,@rpplil‘ipr*

The Vertical amplifier consists of preamplifier and main vertical amplifier sections.
The preamplifier consists of input amplifier and phase inverter. The main vertical
amplifier consfsts of driver amplifier and class C push pull output amplifier. The
input impedance of the vertical amplifier is represented by R1 in parallel with C1.
The output voltage is proportional to the ratio of amplifier input impedance and
total circuit impedance.



The main vertical amplifier output stage delivers equal signal voltage of the
opposite polarity to the vertical deflection plates of the CRT. It is expressed in
terms of deflection factor (V / div)

Need for Time Base Voltage

When A.C voltage is applied to the vertical deflecting plates, they become positive
and negative alternatively. Hence according to the given frequency of voltage the
luminous spot moves up and down on the screen. Hence only a vertical line
appeared on the screen. But we can not see the actual waveform of the input A.C

predetermined maximum value V and suddenly becomesgzero as shownin fig.4.18
Fig.4.18 ‘

When a sweep voltage is applied to the X-X plate§ of the'CRO , the sdot moves
slowly and at uniform speed from left to right. The spot reaches the position
corresponding to the - '
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amplitude V of the sweep voltage and the suddenly fI'@ bagk to the original
position. This period is fly back peried. Yy

Sweep Generator ,

The circuit which develops ramp v‘tage IS callef as time base generators or sweep
generators. The fig.4.31(a) anw WS a sweep generator circuit using UJT and
fig.4.31(b) shows sweep, Waveform. ]

Sweep generator circuit using UJT, is noting but a relaxation oscillator. UJT acts as
switch. When the ly is firstapplied, capacitor(CT) charges exponentially
through the resistogr@&e UJT emitter voltage VE rises to VBB when VBB
reaches the peak veltage . The-€mitter to base diode become forward biased.
Hence UJJitriggers ON. Thi?ﬁ(ovides low resistance path between E and B1. So,
the capacitor-disc%amesgpidly through the UJT. Emitter voltage VE decreased
until#tcan no |0 fr sustain the minimum bias required for UJT conduction. Now
low; resiggngg Qath i; roken and the capacitor recharges. This cycle of charging
and dischargingrepeats and produces a saw tooth waveform or sweep waveform as
shown if fig.4.31(b). the frequency of the oscillation depends on the values of R
and C.

Applications of CRO

1. Measurement of frequency

2. Measurement of phase of the waveform

3. Measurement of voltage

4. Measurement of current

&~ N\



5. Study of the waveform

1. Frequency Measurement using CRO

The unknown frequency can be accurately determined with the help of CRO. A
known frequency is applied to horizontal input and unknown frequency to the
vertical. A pattern with loop is obtained on the screen by adjusting the various
controls. This pattern is called lissajous pattern. The unknown frequency is
determined by using number of loops cut by the horizontal line and number of
loops cut by the vertical line.
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Fig.4.19

Frequency on the vertical plate (fVV) number of loops cut by the’horizonial tine

- -

Frequency on the horizontal plate (fH) number of loops cut by the verticaﬂle
Let us assume that frequency applied to horizontal platesis, 1000 HZ.jf we draw
horizontal vertical line, it cuts horizontal line oneé and vertical line twice,

TV number of loops cut by the horizontal line .

«

fH number of loops cut by the vertical kine \ . /

fv 1 p Y
- = - ‘

fH 2

1 <\ /

fV =1000 X --------- =50 0

2 Y

i.e, unknown frequerey,is 500 HZ

2. Phase Measurementiising Cﬁﬂ,1
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To measurefthe relative phaseahgle of two sinusoidal voltages of equal amplitude
and same freg ency‘h‘e)“a're applied to X and Y deflecting plates of a CRO. An
ellipseform is ol eiined. Value A and B are found from the ellipse as shown in
fig. i 20 ) *

Fig420 =

The phase angle is given by the expression.

A -—

3. Voltage Measurement using CRO
The signal is applied to the vertical deflecting plates. A vertical line appears on the
screen. The height of the line is proportional to the peak to peak voltage of the



applied voltage. Multiplying the height of the line (amplitude), by the deflecting
sensitivity, peak voltage value is obtained.

4. Current Measurement using CRO

To measure the current, the signal is passed through a known resistor. The
potential developed across the resistor is measured by CRO as explained in voltage
measurement using CRO. Then by applying ohm’s law, the current is calculated.
Vv

| =

I
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Study of Waveforms using CRO
The Signal under study is applied to the vertical input terminalhof the O The
sweep circuit is set to internal, so that saw tooth wave is @pplied to the horizental
input. The various control are adjusted to obtain sharp and well deflned signal
waveform on the screen.

TYPES OF CRO ’ -"

There are number of types of oscilloscopes are“used for'special apbllcatlon they
are ?

1. Multiple trace oscilloscope ) & J"

2. Multiple beam oscilloscope .

3. Digital storage oscilloscope |

4. Sampling oscilloscope

DUAL TRACE CRO - : )

A dual trace oscilloscope ean disp\ay woytraces on the screen at the same time,
allowing comparison of two. different signals, such as the input and output of an
amplifier. Always ider bdylzq and using a dual trace CRO.

Fig.4.21 Dy
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The block diagram dual trace‘tﬁo Is shown in fig.4.21. There are two separate
vertical,inputcha nw‘e\apd B. A separate preamplifier and attenuator stage exist
for ea€h channel. r ence amplitude of each input can be individually controlled.
After preal ifier tage, both the signals are fed to an electronic switch. The
switchihias an aB|I|ty to pass one channel at a time through delay line to the vertical
amplifier. The time base circuit uses a trigger selector switch S2 which allows the
circuit to bestriggered on either A or B channel. The horizontal amplifier is fed
from the sweep generator or the B channel through switch S1 and S3.

The X-Y mode means, the oscilloscope operates from the channel A as the vertical
signal and the channel B as the horizontal signal.

When the display made IS IN X,Y position, the sweep generator is disconnected
and channel B is connected to the horizontal amplifier. When the display mode



selector is in the B position the electronics switch connects the input of the main
vertical amplifier.

Depending on the selecting of front pane controls several modes of operation can
be selected such as channel A only, channel B only, channel A and B as separate
traces.

DUAL BEAM CRO

Fig.4.22

It is special type of CRO. The dual-beam analog oscilloscope can display two
signals simultaneously. A special dual-beam CRT generates and deflécts two
separate beams. Although multi-trace analog oscilloscopes can 3|
beam display with chop and alternate sweeps.
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The CTR has two electron guns. Hence two electron beam generated andistrikes
the screen. The two beam can be independently deflected in he vertical ction.
A dual-beam oscilloscope was a type of oscnloscope once used to corhpare one
signal with another. There were two beams produced In a special type of CRT. It
consists of two pair of vertical deflection plates, .one paiof horizontal deflection
plates, two electron guns, two preamplifier, triggerpircuit and seep generator. The
block diagram of dual beam CRO is shewn in fig.4.22, CRF has two pair of
vertical deflection plates and one pair”of horizontal def fleefion plates. There are two
identical channels, A and B. Each channel has its own preamplifier, input
attenuator, delay line ,main verticalideflection plates. The time base generator
generate saw tooth voltage, w‘il es the sm‘gle set of horizontal plates. Hence
both the vertical signals a sweeped on tr|e screen at the same time. Because of the
special arrangements the dual beam CRO is costlier.

Comparison of D ace dr:d Dual Beam

S. No % by

Dual Trace GRO

Dual BeapsiCROT

1 9 l- '
5 r’ li Ly
2 S TR

5 )

Single elettrefi gun is used

Common time base is used for channel A and B
Single set of vertical deflection plates are used.
Only one vertical amplifier is used

Low cost

Two electron gun is used



They may have common time base or independent time base circuits for two
channels.

Separates sets of vertical deflection plates are used.

Two separate vertical amplifier are used for two channels.

High cost

Digital Storage Oscilloscope

Introduction

The digital storage oscilloscope, or DSO for short, is now the preferred type for
most industrial applications, although simple analog CROs are still used by
hobbyists. It replaces the unreliable storage method used in analog’storage scopes
with digital memory which can store data as long as required without degradation.
It also allows complex processing of the signal by high-speed digital
processing circuits. . |
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Block Diagram : )

Fig. 4.23 4

In this oscilloscope the waveform to be stored4sidigitalized and th'en stored in a
digital memory. The conventional cathode ray tubeis used Inythis oscilloscope.
The stored image can be displayed indefinitely as longyas pewer is supplied to
memory. Once the waveform is digitiZed then it can be flfrther loaded into the
computer and can be analyzed in detail.

The block diagram of digital storage, oscilloscope is shown in fig.4.23. The input
signal is applied to the amplifi‘?nd‘lt_tenuator ection. The attenuated signal is
then applied to the vertigahqmpli ler. Todigitize the analog signal, the analog to
digital (A/D) converter is used. Fhe output of the vertical amplifier is applied to the

A/D converter sectidﬁ:figjti ed output needed only in the binary form.

Digitizing the analog i signalfmeans taking samples at periodic interval of the
input signal. Therate of samplingshould be at least twice as fast as the highest
frequency jresent 1n the input'Signal. This ensures no loss of information. The rate
of sampling rates asihigh,as100,000 samples per second is used. This requires very
fast genversion r eis of A/ D converter. The sampling rate and memory size are
selethedfdlep@qmg upon the duration and waveform to be recorded. Once the input
signallis sampled, A/ D converter digitises it. The signal is then stored in the
memory. Once it is stored in the memory, then the data is read out from the
memory.

Mode of operation

This mode means that the oscilloscope can display what happened before a trigger
input is applied. This mode of operation is useful when a failure occurs.
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The digital storage oscilloscope has three mode of operation.



Roll mode

Very fast varying signals are displayed clearly in this mode. In this mode the input
signal is not triggered at all.

Store Mode

This is called refresh. In this case input initiates the trigger circuit. Memory writer
cycle starts with trigger pulse. When memory is full, write cycle stops. Then digital
to analog converter, the stored signal is converted to analog and displayed. When
next trigger is occurs, the memory is refreshed.
Hold or Save Mode

This is automatic refresh mode. When new sweep signal is generated by time base

button, overwriting can be stopped and previously saved signahgets
Advantages

1. Has more capacity
2. The characters can be displayed on screen alongwith the Waveform and its
information such as minimum, maximum , frequency, amplitude etcs#

3. The X-Y plots, B-H curve , P-V diagrams cambe displayed.

4. The pretrigger viewing feature allows to display;he waveform before trigger
pulse. »

5. Keeping the records is possible bytransmitting the daftﬁo computer system
where the further ‘

processing is possible. » /

Function Generator -~y

A function generator is asignal source thqt has the capability of producing
different types of Waveformg as is output signal. The most common output
waveforms are sme/%trian ular waves, square waves, and saw tooth waves.

|

The frequencies of suc veformsymay be adjusted from a fraction of a hertz to
several hundred"kHz. /
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Block Diagram, /i

Fig. 424N \ o

The block di ram l)f & function generator is given in figure4.24. In this instrument
the frequency iSicontrolled by varying the magnitude of current that drives the
integrator. This instrument provides different types of waveforms (such as
sinusoidalyrighgular and square waves) as its output signal with a frequency range
of 0.01 Hz to 100 kHz.

The frequency controlled voltage regulates two current supply sources. Current
supply source 1 supplies constant current to the integrator whose output voltage
rises linearly with time. An increase or decrease in the current increases or reduces
the slope of the output voltage and thus controls the frequency.



The voltage comparator multivibrator changes state at a predetermined maximum
level, of the integrator output voltage. This change cuts-off the current supply from
supply source 1 and switches to the supply source 2. The current supply source 2
supplies a reverse current to the integrator so that its output drops linearly with
time. When the output attains a predetermined level, the voltage comparator again
changes state and switches on to the current supply source. The output of the
integrator is a triangular wave whose frequency depends on the current supplied by
the constant current supply sources.

The comparator output provides a square wave of the same frequency‘as. output.
The resistance diode network changes the slope of the triangular wave as,its
amplitude changes and produces a sinusoidal wave with less thah 1% distortion.
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UNIT V y \
TRANSDUCERS, SENSORS AND TEST INSTRUMENTS 7’
TRANSDUCER !

A device which converts one form of energy inte another form.of energy is called
transducer. The input quantity for most instrumentatiop'system is hon-electrical. In
order to use electrical methods and techniques forimeasurement, the non-electrical
quantity is converted in to a proportional electrical siQaI by a device called
transducer. ¢ Y

Classification of Transducers |

(1) Based on physical phenomenor‘

a) Primary Transducer “W R ] )

b) Secondary Transducer & ]

(2) Based on the power type., 4

a) Active Transducef 9

b) Passive Transducer G )y
(3) Based on thetype of output

a) Analog Transducer \ 4

b) Digital Tranf,d Gala 5
(4) Basedon elecrr'cal

a) I}esis’gi\fe Transd cer

b) Capagitive Transducer

¢) Inductive Transducer

d) PhotoeleetriC Transducer

e) Photovoltaic Transducer

(5) Based on non- electrical phenomenon

a) Linear Displacement Transducer (LVDT)
b) Rotary Displacement Transducer (RVDT)
1. Primary Transducer
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The primary transducers are detectors which sense a physical phenomenon. The
example 1s ‘thermocouple’. The thermocouple’s hot junction senses the radiant
heat energy and directly converts in to an analogous electrical output which is a
voltage.

2. Secondary Transducer

The output signal from the primary transducer is converted subsequently into a
useable output by the ‘strain gauges’ and it is known as secondary transducers.
3. Active Transducer
The active transducers are also known as self generating type tran
develops their own voltage or current. The example is ‘piezoeleCtri
4, Passive Transducer -,
The passive transducer is known as externally powered trgansducer. Thistransducer
drives the power required for energy conversion from an external power ﬁce.

5. Analog Transducer "

The analog transducer converts the input physical ‘phenomenon Into.@n analogous
output, which is continuous function of time. Fhe examples for this type are
‘LVDT’ ‘thermistor’ etc. :

6. Digital Transducer » v

The digital transducer converts the ipput physical pheno‘r'vfe'non into an electrical
output which is in the form of pulses

STRAIN GAUGE

Strain gauge is a passive trans r'that uses tthariation in electrical resistance in
wires to sense the strain}pm\duce y aforeeson the wires. The principle is used in
strain gauge. Strain can be measured more easily using variable resistance

transducers. N
Stress (force / unit area straﬁ#(slongation or compression / unit area) in a

member or portiomof any 0bject under pressure is directly related to the modulus
of elasticitys Since'Strain can B&measured more easily by using variable resistance
transdugcers. Q. /gy

There*wil.be a cri ge in the value of resistively of the conductor, when it is
subﬁc_:\tggl ltogtrgin. at property is called ‘ piezo- resistive effect ’. The strain
gauge employs piezo- resistive effect.

Types of Strain'Gauges

The electriealStrain gauges are of different types. They are

a) Wire strain gauge
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b) Foil strain gauge, and

¢) Semiconductor strain gauge

Wire Strain Gauge




Wire strain gauge (or) Resistance wire gauge is used in two basic forms. They are
a) Bonded resistance wire strain gauge

b) Unbounded resistance wire strain gauge

Bonded Resistance Wire Strain Gauge

Different types of Bonded Resistance Wire Strain Gauge is shown in fig. 5.1. A
bonded wire strain gauge consists of a grid of fine resistance wire of diameter of
about 25um. The wire is connected to a base. The base may be a thin sheet of
paper or a very thin Bakelite sheet. The wire is covered with a thin sheet of
material so that it is not damaged mechanically. The base is bonded 6 the structure
with an adhesive material. It acts as a bonding material. It permlt s good transfer
of strain from base to wire.

Fig.5.1 .
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Working | 7’
When the load is applied to the surface, the surfaceds strained .Since t‘he strain
gauge is bonded with the surface it is also strained. The resistance ofthe wire
changes on account of the changes in length anddiameter, of the Wire. This change
in resistance is proportional to the applied strain aneit is measured by very
sensitive instrument. »

There are two circuit arrangements fer strain measuremenf

1. Potentiometric strain gauge |

2. Wheat stone bridge strain gauge )

1. Potentiometric Strain Gm\

The circuit arrangement ofsp\otentlomemq strain gauge is shown fig. 5.2. This
system is easily affected by'A Cnterference. Hence precautions must be taken.
This potentiometri it is also called “ballast circuit’. It consists of D.C voltage
E1 applied across the réesistance network Rs and Rg in which one or both can be
strain gaugessThe voltage 0 that'appears across Rg is given as

Fig52 A& ) 4

Hence the outp t voltag s,changed when gauge resistance changed. That is the
output'voltage IS i) oportlonal to strain gauge resistance.

1] Wr]eatstqge Brl ge Type Strain Gauge
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Fig.5.3 y

The strain‘ga#@e is normally used in wheatstone bridge arrangement, in which the
gauge forms one arm of the bridge . A simple DC arrangement for bridge type
strain gauge is shown fig.5.3

In this arrangement, only one of the gauges is an active element producing an
output proportional to the strain. The other(dummy) gauge is not strained, but
simply balances the bridge. The purpose of the dummy gauge is to cancel out any



temperature related resistance variation in the active gauge. When both the gauges
are affected by same temperature related the resistance variations appear in both
the gauges. Therefore the bridge remains in balanced condition . In this way error
due to temperature variations can be eliminated. If the two resistors R1and R2 have
negligible temperature coefficients, the bridge retains its balance under conditions
of no-strain, at any temperature within its operating range.

Unbounded Type Strain Gauge

An unbounded strain gauge is used to measure force, acceleration and pressure. It
consists of a wire stretched between two points in an insulating medigim.as shown
fig 5.4(a). The diameter of the wire used about 25um. The wires afe keptyunder
tension, so that there is no sag and no free vibration. y
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Fig.5.4(b) ‘

Unbounded strain gauge are usually connected in pridge circuit. The t_fridge IS
balanced with no load applied as shown fig.5.4(b). 4

When an external load is applied, the resistance of the,sttain‘gaug@ changes,
causing an unbalanced of the bridge circuit resultig’in an output voltage. This
voltage is proportional to the strain. A displacement q‘the grder of 50 um can be
detected with these strain gauges. ¢ Y

Application of Strain Gauge

1) For analyzing the dynamic straifiin complex itructures such as

1) stress and strain in bridges="m A @

i) automobiles A |
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iii) roads etc §
2) Measurement of ten torqtﬁrstress In structures

3) To measurgsfarce by st in‘gr/oduced in load rings.

Photo Electric Transducer

These transducpr ceﬂve,q the light energy into electrical signal. These transducers
maketiserof the ;;ciperties of a photo emissive cell or photo tube or photo
congductive cell. <3

Photoemisstve cells one in which light energy causes the emission of electrons
from a metal surface, thereby providing an electric current. The test circuit is
shown in fig:875(a). The anode and cathode are placed in high vacuum glass
envelope. When voltage is applied between the anode and cathode, the current
produced by the photo tube is directly proportional to the amount of light falling on
the cathode. The current produced by the tube is small in the range of
microampere. Hence the photo tube is usually connected with electron multiplier to
provide higher output.



Fig.5.5(a)
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Fig .5.5(b)

In fig.5.5(b) photo tube and a light source separated by a small window. Here the
window gap is controlled by a force summing member called diaphragm. When a
pressure is applied the diaphragm displaces from its position. The amount of light
light falling on the photo tube varies according to the displacement of the
diaphragm. Hence when a light falling on the photo tube changes, the output
current of the photo tube also changes.
Advantages

1. Have higher efficiency.

2. Can be used for both static and dynamic condition. - .

Disadvantages Y

1. It does not respond to high frequency light variations. 7’

2. It requires a large displacement of the force summing member. "

Linear Variable Differential Transformer (LVf)T) ' 4

Linear variable differential transformer (LVDT)is a passive‘induc‘[ive transducer.
It is used to translate the linear motion into electrical signal.

Construction » v

The fig.5(a) shows the Linear variablé differential transfermer. It consists of a
single primary winding (P) and twg secondary windings Sland S2 wound on a
hollow cylindrical former. The secwdaries have an equal number of turns but they
are connected in series opposi.r\s ‘that the emifs induced in the coils opposes
each other. The primaryfwi@ling IS ]
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connected to an A ce. A'moveable soft iron core slides inside the former for
displacement. The disp ent toibe’ measured is applied to an arm attached to the
core. 7/

Fig.5.6 (a)" v \ 4
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Operation

Whe n thfe'c<¥ is all tpe center of the former the induced emfs in the secondaryes
are equal'r.e Esl = Es2. Since these two emfs oppose each other, the output voltage
will be Es1-Es2=0

i.e, EO = Zereat null position

Fig.5.6 (b)

When an externally applied force moves the core to the left hand position ,more
magnetic flux links the winding S1 and less with the winding S2 hence the output
voltageEs1 is greater then Es2. Therefore the magnitude of the output voltage of
the secondary is Es1-Es2 and it is in phase with the Es1.



I.e., EO = positive when the core is at left of the null position.

Similarly when the core is moved to the light of the null position. the flux linking
with the winding S2 becomes greater than that link with S1. This result in Es2
becoming greater than Es1. Therefore the output voltage in this case is EO = Es2 -
Esl and it is in phase with Es2.

This output voltage is 180° out of phase with the output when the core is at left
end.

I.e., EO = negative when the core is at right of null position

I.e ,EO = positive when the core is moved to the light right of the null/pesition.
Phase angle = 180

Fig.5.6 (b) shows the variation of output voltage against displacEment fof Various
position of the core. _
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Therefore the amplitude of output voltage depends upon the distance of cﬂ
moves. The polarity or phase of the voltage indica}es the'direction of fnotion
Advantages Of LVDT ! ' 4

Linear for displacement up to 5mm y _N

Infinite resolution !

High output ) : ,

High sensitivity y “'*'

Ruggedness ‘

Less friction ®

Low hysteresis error <y \ 1 )

. Low power consumptio, ]

Disadvantages of LVDT “ 4

1. Requires large displacementsifor appreciable differential output
2. Affected by external neticfield.

3. Temperature'affects the performance.

Applications of LVDT

1. LVDT is used inallapplications where displacement ranging from fraction of
mmto'a few cm I‘a!s to be measured.

2.1t i§ u§eld 1.9 measure force ,weight ,pressure thickness etc
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LOAD CELL ~

Load cell issrtransducer that is used in measurement of load acting linearly along a
string or a wire. Load cells are used to measure extremely heavy loads.

Strain Gauge Load Cell

Strain gauge load cell is an electro mechanical transducer which converts changes
in force or weight into changes in voltage. This change in voltage is a measure of
applied force or load to the cell

O N®OUTRWNDRE



Construction

Fig.5.7 (a) shows the construction of strain gauge load cell. It consists of strain
gauge A and B, a lengthy steel bar, and base. The steel bar is used as an active
element. The weight of the load applies a particular stress to the bar. The amount
of strain which results in the bar different values of applied stress is determined.
The strain may be used as a direct measure of the stress causing it.

Fig.5.7(a)
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Fig.5.7(b)
Working
When the stress is applied along the direction S the steel bar experi
compression along that axis and an expansion along the x andy.axes.
gauge a experiences a decrease in resistance, while gauge'B undergoes anyingrease
in resistance, These two gauges A and B and the gauges on the two remaifing
sides of the steel are connected to form a bridge cireuit are:shown fig.5.7 (b)

At first ,make the circuit under balance condition By adjusting,the resistance R3.
After Appling load, the bridge goes to unbalance,condition. A/aryi'ng the resistor
R3 the bridge is again brought to balance condition:

Then » Q. /

Thus the unknown resistance Rx cansbe calculated. Whei{Rl, R2 "R3, are the
known resistance of the strain gauge.

Thermocouple

Thermocouple is the most commonly sed eIechcaI device for temperature
measurement. A thermocauple consists:ofitwo dissimilar material wire joined
together at one end forming-@hot junction. The two wires are terminated at the

other end. Thejunoﬁ&callﬁd eference or cold junction. It is shown in the

fig.5.8. The cold junctiomiis maintaiped at a known constant temperature called
reference temperature. 7

The scientisf Thomson see bagk discovered that when a temperature different
exists between the het apq eold junction, on emf is produced. This emf causes a
currgnt inthe cmj?u't.
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When'a meter-ar, a recorder is connected to the cold junction as shown in fig.5.8.
The meter indication will be proportional to the temperature difference between the
hot junctiomsafid cold junction. This thermo electric effect caused by constant
potential at the junctions. It is known as the see back effect. The magnitude of emf
depends on the wire material used and also on the temperature difference between
the junctions.

Fig.5.8

Operation



Fig.5.9 shows the temperature measurement using thermocouple. Hot junction is
placed near the heat source, whose temperatures to be measured. A sensitive
millvolt meter is directly connected across the cold junction. Now the deflection of
the meter is directly proportional to the difference in temperature between the hot
junction and the cold junction. Then the voltmeter reading is converted into
temperature.

Fig.5.9

Advantages

1. Rugged construction
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1. Can make measurement over a very wide range.
2. No bridge circuit is required. - .

3. Good accuracy. 4

Disadvantages | 7’
1. Reference temperature can be kept constant.
2. As the output voltage is less than 10 mV a very sensmve meter||s requwed

Applications p _N

1. Used to measure temperature range from 2700¢ to 280000
2. Used in industrial furnaces. ) &
Thermister . "*'

Thermistors or thermal resistors are¢ THERMally sensitive resISTOR. It means its
resistance changes with temperatu

Thermister - symbol and sa'rmlﬁs" )
Fig.5.10 A |

The type of thermistor/are Q.

1.Negative tempera‘@wfﬂel t resistor (NTC)
2.Positve temperature casefficient rgsistor (PTC)
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NTC Thermistor T ) 4

In this*type the reis tance of thermistor decreases with increase in temperature. The
rela?g on betv;@en reilptance and temperature of a NTC thermistor is shown in
fig.Fig:5. s

Positive Temperature Co-efficient Resistor (PTC)

In this typest€ resistance of thermistor increases with increase in temperature.
These are usually made from barium titanate. The characteristics more complex
than NTC thermistors. These thermisors are designed for temperature between
20°C and 200°C.

Construction

Fig.5.12
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Thermistor are composed of sintered mixture of metallic oxides such as
manganese, nickel, cobalt, copper, iron and uranium. They are available in verity
of sizes and shapes. Thermistor may be in the form of beads, probes, rods and
discs. Some of the commercial form are shown in fig.5.12.

1. Bead Thermistor

It is the smallest thermistor in the form of beads with a diameter of 0.15 mm of
1.25 mm. This is the most familiar type of thermistor usually glass coated as
shown in fig.5.20(a)

2. Probe Thermistor .

Beads may be sealed in the tips of solid glass rod to form probeS asishown in the
fig.5.20(b). Glass probes have a diameter of about 2.5mm. Theyprobesare used for
measuring the temperature of liquids.
3. Disc Thermistor

Discs are made by pressing material under high pressure‘into cylindri‘&al flat
shapes either a diameter ranging from 2.5 mm to 95 mm andia thickmess of 0.25
mm to 0.75 mm. These are sintered and coated with silver on two flat surfaces as
shown in fig.5.20(c). These thermistors have the resiStance of from 1 Ohmto 1
Mega ohm. ) Q. /S

4. Washer Type Thermistor . Y

They are just like disk thermistor but they have a hole in the center. This hole is
suitable for mounting on a bolt ,as"nown in fig.f.zo (d).

5. Rod Type Thermistor =% ',

They are usually like longfeylindrical Unitwith 4.25 mm diameter and 12.5 to 50
mm long. Leads are attached to the ends of the rods as shown in the fig.5.13. Tthe

advantage of this tyﬁ*f\m%produce high resistance under moderate power.
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TemperaturesMeasurement Using Thermistor
Fig.5.13 & ) | ) 4
Initially the thqrnﬂsw_j laced near the environment whose temperature is to be

n

measurech, Then'the thermistor is connected in a series simple circuit consisting of
bat??rzlr ang rgicro meter as shown in fig.5.13. Any change in temperature causes
a change in resistance of the thermistor. Hence the circuit current changes. By
directly calibrating the micro ammeter in terms of temperature, we can measure the
temperatures”

Advantages

1. Low cost

2. High sensitivity

3. Smaller in size

4. Good stability



5. High output signal

Disadvantages

1. Not suitable for high temperature measurement.

2, Requires external power supply.

Applications
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1. Used for measurement and control of temperature.

2. Used for providing time delay.

3. Used as temperature compensation.

4. Used for measuring thermal conductivity.

5. Used for measurement of level, flow and pressure of liquid.
6. Used for measuring power at high frequencies. - .

DIGITAL VOLTMETER (DVM) 4

Digital voltmeter (DVM) convert the analog signal into digital signal and%play
the voltage to be measured as discrete numerical instead of pointer dej‘lection ,0n
the digital displays. Such voltmeters can be used fo measure the A.Csand D.C
voltages. They are also used to measure the quantities Jike pressure ,temperature,
stress etc using proper transducer and signal conditiening cirguit.

Block Diagram of DVM » ? y

The block diagram of a simple volt meter is shown in |gf§.14. The unknown
voltage signal is fed to the pulse generator which generates a pulse whose width is
directly proportional to the input ur‘(nown voltage. The output of the pulse
generator is applied to one legiof ﬁlr_IV\ID gate./The input signal to the other leg of
the AND gate is a train offpulses: The"outputof the AND gate is thus a positive
trigger train of duration ‘t” seeonds (in AND gate when both the inputs are high,

the output is high).)ﬁ!\n:/eFtbl onverts the positive trigger train from the AND

gate into a negative trigges train. “counter counts the number of triggers in ‘t’
seconds whichfis proportional to the voltage under measurement. Thus the counter
can be calibrated t@'indicate V&fage in volts directly. Thus we see that the DVM
described abovF iis &EARG which converts an analog signal into a train of pulse.
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Fig.5.14
Typesiof DVM
Digital voltmeters are classified mainly based on the analog to digital conversion.
they are “w”

1. Integrated type DVM

2. Successive approximation type DVM

3. Ramp type DVM

4. Potentiometric type DVM

5. Continuous type balance type DVM.



Digital Frequency Meter (Or) Counter

A digital instrument which is used to measure the frequency of any periodic
waveform is known as frequency meter. It can perform a wide range of functions,
such as frequency measurement, period measurement, ratio of frequencies
measurement, time interval measurement etc.

The block diagram of a basic frequency meter is shown in fig.5.26. The frequency
measurement is performed by totaling the number of input cycles for a known
period of time. The resulting total count is proportional to the unknown input
frequency. The time reference is obtain from a precision, high stability*quartz
crystal oscillator along with a Schmitt trigger and a set of dividers
223 ,
Fig.5.16 ¥ R
The input signal is amplified and applied to a Schmitt trigger circuit so'that it'will
provide uniform pulse. This pulse train is given to the counter through anJAND
gate and this gate is controlled by the time reference., The number of Q‘ulses added
in the counter for the selected time period ‘t” repré’sents thedinput signal frequency.
Finally it is displayed on the numeric display,device at'the output of the counter.
The counted frequency is displayed on the display.@évices for a finite time until a
new sample is taken. The display time of the frequenqmea,surement Is determined
by the sample rate control. After resetting'the counter, next measurement cycle is
initiated by the sample rate control.

For example, if the time reference 8 one second\and the input signal is a 50Hz
square wave, at the end of 1 sece counter 4Ni|| have counted up to 50 pulses
which is exactly the frequéncy of the Tnputssignal.

Digital Multimeter ~~ 0, J

Digital Multimeteriﬁ%) measurer AC voltage, AC current, DC voltage and

DC current, resistance ig.5. X% shows the block diagram of digital multimeter.
The basic meterofidigital multimeter is always a DC voltmeter.

In AC voltage mode, the appﬂ@(input Is fed to the precision AC/DC converter
through a calib[a di;om{)gnsated attenuator. the precision AC/ DC converter is
nothing but a fuII[ie ave rectifier circuit followed by a ripple reduction filter. The
resulting DC voltageyfed to the ADC and the display system.

In the”AC current mode, the drop across the shunt is converted into DC by means
of AC/DC converter. Then the D.C output is fed to ADC and displayed in the
display systerfin digital form.
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Fig.5.17

In the DC current mode, they drop across an internal calibrated shunt is measured
directly by the ADC and is displayed.



In DC voltage mode, the applied input is fed to the ADC through a calibrated
compensated attenuator and is displayed.

In resistance mode, the meter includes a precision low current source that is
applied across the unknown resistance which gives a DC voltage drop. This
voltage is converted into digital signal and read out in ohm.

Data Acquisition System

Fig.5.18
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Data acquisition systems are used for large number of applications ipfthdustrial and
scientific areas like aerospace and telemetry industries. Data acquiSiti
rapidly collects bulky of data ,processing it and stores or displays
result. -
PC based data acquisition system is used where a large ndmber of inputsiareso be
measured, which utilize a computer driven visual display unit (CRT) a;s an-operator
aid.

The block diagram of data acquisition system is shown in 11g:5.18. It,-ﬁonsists of
transducers with signal conditioner, multiplexer, ADC/and displa)’ system.
Transducer converts physical parameters such as témperature, pressure,
acceleration, weight, displacement etc. jsinto electricalisignal'which are acceptable
by the acquisition system. Signal copditioner amplifiesthe transducer output
signal.

The signals are sequentially selecti‘ by the multiplexer. The selected signal is
given to the input of the ADC!@ ABC converts analog signal to digital signal,

which is stored in the cofiputer’s memoryifer data processing.

Q.
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