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CHAPTER 1

Circuit Elements and Laws

1.1 \Voltage

Energy is required for the movement of charge from one point to another. Let W Joules
of energy be required to move positive charge Q columbs from a point a to point b in a
circuit. We say that a voltage exists between the two points. The voltage V batween
points may be defined in terms of energy that would be required if a charge were
transferred from one point to the other. Thus, there can be a voltage between two points
even if no charge is actually moving from one to the other. Voltage betweerbasand

given by

= V—VQJ/C

Worked are (W) in Joules

Hence Electric Potential (V) =

Ch arg e (Q)in columbs

Current :

An electric current is the movement of electric charges along a definite path. In case of

a conductor the moving charges are electrons.

The unit of current is the ampere. The ampere is defined as that current which when

flowing in two infinitely long parallel conductors of negligible cross section, situated 1 meter
apart in Vacuum, produces between the conductors a force of 7 Né@ton per metre
length.

Power: Power is defined as the work done per unit time. If a field F newton acts for t seconds

through a distance d metres along a straight line, work done W = Fxd N.m. or J. The power P,

either generated or dissipated by the circuit element.

P =w =Fxd

t t
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OorK .
Power can also be written as Power=— time

= Chworkargex ChTimearge

= Voltage x Current P =V x | watt.

Enerqy : Electric energy W is defined as the Power Consumed in a given time. Hence, if
current 1A flows in an element over a time period t second, when a voltage V volts is applied

across it, the energy consumed is given by

W=Pxt=VxI|xtJor watt. second.

The unit of energy W is Joule (J) or watt. second. However, in practice, the unit of

energy is kilowatt. hour (Kwh)

1.2 Resistance: According to Ohm's law potential difference (V) across the ends of a
conductor is proportional to the current (l) flowing through the conductor at a constant

temperature. Mathematically Ohm's law is expressed as

VUlorV=Rx I

Or R = —| where R is the proportionality constant and is designated as the conductor

resistance and has the unit of Oh).(

Conductance :Voltage is induced in a stationary conductor when placed in a varying

magnetic field. The induced voltage (e) is proportional to the time rate of change of

current, di/dt producing the magnetic field.
. di
Therefore &J dt

OrezLd'tdl
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e and i are both function of time. The proportionality constant L is called inductance.

The Unit of inductance is Henery (H).

Capacitance: A capacitor is a Physical device, which when polarized by an electric field by

applying a suitable voltage across it, stores energy in the form of a charge separation.

The ability of the capacitor to store charge is measured in terms of capacitance.

Capacitence of a capacitor is defined as the charge stored per Volt applied.

1.3

1.4

Coulomb
= _q = = Farad

\Y; Volt

Active and passive Branch :

A branch is said to be active when it contains one or more energy sources. A passive

branch does not contain an energy source.

Branch : A branch is an element of the network having only two terminals.

Bilateral and unilateral element :

A bilateral element conducts equally well in either direction. Resistors and inductors
are examples of bilateral elements. When the current voltage relations are different for
the two directions of current flow, the element is said to be unilateral. Osode

unilateral element.

Linear Elements : When the current and voltage relationship in an element can be
simulated by a linear equation either algebraic, differential or integral type, the element

is said to be linear element.

Non Linear Elements: When the current and voltage relationship in an element can

not be simulated by a linear equation, the element is said to be non linear elements.

Kirchhoff's Voltage Law (KVL) :

The algebraic sum of Voltages (or voltage drops) in any closed path or loop is Zero.
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Application of KVL with series connected voltage source.
R,

MW

Fig. 1.1
V1+V2i IR11 IR2=0

=V1+V2 =I| (R1+R2)

V
1+V2

= Ri+R>

Application of KVL while voltage sources are connected in opposite polarity.

R,

MW

vl

/\/\/\I

Fig. 1.2

R,

V1i IR17T V2i IR21 IR3=0
Y V11 V2=1IR1+IR2+ IR3
¥% V1i V2=1(R1+ IR2+ IR3)
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V11V2
Bl= Ri+R2+R3

Kirchaoff's Current Law (KCL) :

The algebraic sum of currents meeting at a junction or mode is zero.

Fig. 1.3

Considering five conductors, carrying currentd3, I3, 14 and b meeting at a point O.
Assuming the incoming currents to be positive and outgoing currents negative.

1+ (-12) + 13+ (-l4) +I15=0
|17 12+137 14+15=0
[1+13+15=12+14

Thus above Law can also be stated as the sum of currents flowing towards any junction
in an electric circuit is equal to the sum of the currents flowing away from that junction.

Voltage Division (Series Circuit)

Considering a voltage source (E) with resistorafd R in series across it.
R,

a

E + :D § .

Fig. 1.4
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_E
= Ri1+R2
E.R
Voltage drop acrossiR= 1. R1 = R1+R>
E.R

Similarly voltage drop across?R I.R2 = R1+R2

Current Division :

A parallel circuit acts as a current divider as the current divides in all branches in a
parallel circuit.

Fig. 1.5

Fig. shown the current | has been divided intarid b in two parallel branches with

resistances Rand R while V is the voltage drop across Bnd R.

V
l1=__ andb=__
R1 R

Let R = Total resistance of the circuit.

Hence 1_ = =_1+ _1
R Ri R

Ri1R>

% R=Ri+R>
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vV oV V(R1 + Ry)
| = R = Hl 2 = RlRZ
R1+R2

But =V =11R1 = I2R2

Y, RiIR
R+R
1 2
)
Y, | = |1! Ri1 + R:
R
Therefore IR_Z
1= Ri+R»

Similarly it can be derived that

IR:
l2= R1+R>
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CHAPTER 2

Magnetic Circuits :

Introduction : Magnetic flux lines always form closed loops. The closed path followed
by the flux lines is called a magnetic circuit. Thus, a magnetic circuit provides a path
for magnetic flux, just as an electric circuit provides a path for the flow of electric
current. In general, the term magnetic circuit applies to any closed path in space, but in
the analysis of electrmechanical and electronic system this term is specifically used
for circuits containing a major portion of ferromagnetic materials. The study of
magnetic circuit concepts is essential in the design, analysis and application of
electromagnetic devices like transformers, rotating machines, electromagnetic relays

etc.

Magnetomotive Force (M.M.F):

Flux is produced round any curréntarrying coil. In order to produce the required
flux density, the coil should have the correct number of turns. The product of the current

and the number of turns is defined as the coil magneto motive force (m.m.f).

If I = Current through the coil (A)

N = Number of turns in the coil.

Magnetomotive force = Current x turns

SoMM.F=1XN

The unit of M.M.F. is amperéurn (AT) but it is taken as Ampere(A) since N

has no dimensions.

Magnetic Field Intensity

Magnetic Field Intensity is defined as the magsattive force per unit length of the

magnetic flux path. Its symbol is H.

10
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Magnetomotive force

Magnetic field Intensity (H) Mean length of the magnetic path

FI.N, .
¥ H=—|=—— | "A/m

Wherel is the mean length of the magnetic circuit in meters. Magnetic field intensity is also
called magnetic field strength or magnetizing force.

Permealbility :-

Every substance possesses a certain power of conducting magnetic lines o
force. For example, iron is better conductor for magnetic lines of force than air
(vaccum) . Permeability of a material)(is its conducting power for magnetic
lines of force. It is the ratio of the flux density. (B) Produced in a material to the

magnetic filed strength (H) i.e.= B H /

Reluctance :

Reluctance (s) is akin to resistance (which limits the electric Current). Flux
in a magnetic circuit is limited by reluctance. Thus reluctance(s) is a measure of
the opposition offered by a magnetic circuit to the setting up of the flux.
Reluctance is the ratio of magneto motive force to the flux. Thus

Ly

Its unit is ampere turns per webber (or AT/wb)
Permeance-
The reciprocal of reluctance is called the permeance (symbol A).
Permeance (A) = 1/Swb/AT
Turn T has no unit.

Hence permeance is expressed in wb/A or Henerys(H).

11
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Electric Field versus Magentic Field.

1)

2)

3)

4)

5)

6)

1)

2)

Similarities

Electric Field

Flow of Current (I)

Emf is the cause of
flow of current

Resistance offered
to the flow of
Current, is called
resistance (R)

Conductance
a k()
R

Current density i

1%

amperes per squars
meter.

Current (1)- EME{Q

1)

2)

3)

4)

5)

6)

Dissimilarities

Current actually flows

in an electric Circuit.

Energy is needed as

long as current flows

1)

2)

Magnetic Field

Flow of flux ()

MMT is the cause of

flow of flux

Resistance offered to
the flow of flux, is

called reluctance (S)
Permitivity (¢) = } S

Flux density is number
of lines per square

meter.

Flux () = MMF

S

Flux does not actually
flow in a magnetic
circuit.

Energy is initially
needed to create the
magnetic flux, but not

12
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to maintain it.

3) Conductance is 3) Permeability (or
constant and magnetic
independent of current conductance )
strength at a particular depends on the total
temperature. flux for a particular

temperature.

B.H. Curve :

Place a piece of an unmagnetised iron bar AB within the field of a solenoid
to magnetise it. The field H produced by the solenoid, is called magnetising field,
whose value can be altered (increased or decreased) by changing (increasing or
decreasing) theucrent through the solenoid. If we increase slowly the value of
magnetic field (H) from zero to maximum value, the value of flux density (B)
varies along 1 to 2 as shown in the figure and the magnetic materials (i.e iron bar)
finally attains the maximum Wge of flux density (Bm) at point 2 and thus
becomes magnetically saturated.

Fig. 2.1
Now if value of H is decreased slowly (by decreasing the current in the

solenoid) the corresponding value of flux density (B) does not decreases-along 2

14

1 but decreases some what less rapidly along 2 to 3. Consequently during the
reversal of magnetizatiothe value of B is not zero, but is '13" at H= 0. In other

13
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wards, during the period of removal of magnetization force (H), the iron bar is

not completely demagnetized.

In order to demagnetise the iron bar completely, we have to supply the
demagnetisastion force (H) in the opposite direction (i.e. by reserving the
direction of current in the solenoid). The value of B is reduced to zero at point 4,
when H="14". This valuef H required to clear off the residual magnetisation, is
known as coercive force i.e. the tenacity with which the material holds to its

magnetism.

If after obtaining zero value of magnetism, the value of H is made more
negative, the iron bar again reaches, finally a state of magnetic saturation at the
point 5, which represents negative saturation. Now if the value of H is increased
from negative satation (= '45’) to positive saturation ( ='12") a curve '5,6,7,2' is
obtained. The closed loop "2,3,4,5,6,7,2" thus represents one complete cycle of
magnetisation and is known as hysteresis loop.

14
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NETWORK ANALYSIS
Different terms are defined below:

1. Circuit: A circuit is a closed conducting path through which an electric current either
flow or is intended flow

2. Network: A combination of various electric elements, connected in any manner.
Whatsoever, is called an electric network

3. Node:it is an equipotential point at which two or more circuit elements are joined.
4. Junction: it is that point of a network where three or more circuit elements are joined.
5. Branch: it is a part of a network which lies between junction points.

6. Loop: Itis a closed path in a circuit in which no element or node is accounted more than
once.

7.Mesh: It is a loop that contains no other loop within it.

Example 3.1In this circuit configuration of figure 3.1, obtain the no. of i) circuit elements ii)
nodes iii) junction points iv) branches and v) meshes.

Rs

Ra R6

V1 Ry R7

— \/\/\/_h'_/\/\/\/ —g'M_ | f

R3 Ro Va2

15
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Solution: i) no. of circuit elements = 12 (9 resistors + 3 voltage sources)
i) no. of nodes =10 (a, b, ¢, d, e, f, g, h, k, p)
iii) no. of junction points =3 (b, e, h)

iv) no. of branches =5 (bcde, be, bh, befgh, bakh)

V) no. of meshes = 3 (abhk, bcde, befh)

3.2 MESH ANALYSIS

Mesh and nodal analysis are two basic important techniques used in finding solutions
for a network. The suitability of either mesh or nodal analysis to a particular problem depends
mainly on the number of voltage sources or current sources .If a netwseklage number
of voltage sources, it is useful to use mesh analysis; as this analysis requires that all the source
in a circuit be voltage sources. Therefore, if there are any current sources in a circuit they are
to be converted into equivalent voleagources,if, on the other hand, the network has more
current sources,nodal analysis is more useful.

Mesh analysis is applicable only for planar networks. Forplanar circuits mesh analysis
is not applicable .A circuit is said to be planar, if it can be drawn on a plane surface without
crossovers. A neplanar circuit cannot be drawn on a plane surfeitieout a crossover.

Figure 3.2 (a) is a planar circuit. Figure 3.2 (b) is a-plamar circuit and fig. 3.2 (c) is a
planar circuit which looks like a ngplanar circuit. It has already been discussed that a loop is
a closed path. A mesh is defined as a loop which does ntatic@ny other loops within it. To
apply mesh analysis, our first step is to check whether the circuit is planar or not and the secong
is to select mesh currents. Finally, wr i tli
unknowns and solving them sto the final solution.

W W
] ® =

=

(a) (b) (c)
Figure 3.2

Observation of the Fig.3.2 indicates that there are two loops abefa,and bcdeb in the
network .Let us assume loop currentamd bwith directions as indicated in the figure.

16
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Considering the loop abefa alone, we observe that cutrenpassing throughRand (h-

A

12) is passing throughRBy appl ying Kirchhoffds voltage

Vs.=l1R1+R2(11-12) (3.1
R R3
1
a‘—/\/\/\/ /\/\/\/ T
b
Vs R2
R4
© '2
B l1
f e d

Figure 3.3

Similarly, if we consider the second mesh bcdeb, the curzesitplassing through R

and Ry, and (b7 l1) is passing throughRBy appl ying Kirchhoff ds
second mesh, we have

R2 (12-11) + Ral2 +R4l2=0 (3.2)

By rearranging the above equations,the corresponding mesh current equations are

I1 (R1+tR2) - 12R2 =Vs,

-11R2 +(R2+R3+R 4) 12=0 (3.3

By solving the above equations, we can find the currenend b, If we observe
Fig.3.3, the circuit consists of five branches and four nodes, including the reference node.The
number of mesh currents is equal to the number of mesh equations.

And the number of equations=branci{eedesl).in Fig.3.3, the required number of

17
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mesh current would be@-1)=2.

18
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In general we have B number of branches and N number of nodes including the
reference node than number of linearly independent mesh equationgNVEB

Example 3.2Write the mesh AN
5Y 10
current equations in the circuit shown 10V T 2Y

S0v——

in fig 3.4 and determine the currents.

Figure 3.4

Solution: Assume two mesh currents in the direction as indicated in fig. 3.5. The mesh
current equations are

5Y
—\V\V\
10V11 12 10
2 % ¥ [sov
Figure 3.5
511 + 2(I1-12) = 10
1012 + 2(12-11) + 50=0 (3.4)

We can rearrange the above equations as
711-212 =10
-211+1212 =-50 (3.5)

By solving the above equations, we haye 0.25 A, andd =-4.125

19
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Here the current in the second meshsl negative; that is the actual currenflbws opposite
to the assumed direction of current in the circuit of fig .3.5.

Example 3.3 Determine the mesh currentih the circuit shown in fig.3.6.

—\WWA N/ WV —

Figure 3.6

Solution: From the circuit, we can from the following three mesh equations

1011+5(11+12) +3(11-13) = 50 (3.6)
212 +5(12+11) +1(12+13) = 10 (3.7)
3(I3-11) +1(13+l2) =-5 (3.8)

Rearranging the above equations we get

1811+512-313=50 (3.9)
511+8l2 + 13=10 (3.10)
2311 + I+ 4I3=-5 (3.11)

According to the Cramer

20
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50 5 13
10 8 1
=151 4 _17
18 513 356
58 1
131 4

Or I1= 3.3 A Similarly,

18 50 13
5 10 1
|2:T:3T5 4 _1355
18 5 13 356
5 8 1
131 4
Or 12=-0.997A
18 5 50
5 8 10
l3= 13 1 15 _525
18 5 13 356
5 8 1
13 1 4
Or 13=1.47A

11=3.3A, 2=-0.997A, B=1.47A

(3.12

(3.13

3.3 MESH EQUATIONS BY INSPECTION METHOD The mesh equations for a general planar network can be written
by inspection without going through the detailed steps. Consider a three mesh networks as shown in figure 3.7

The loop equation araR1+ Ro(11-12) =V1

R1 R3

|3 \ RS

A

Figure 3.7

21
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Ro( 12-11)+12R3=-V2 3.14
R4l3+Rs513=V2 3.1%

Reordering the above equations, we have

(R1+R2)11-R2l2=V1 3.1€
-R2l1+(R2+R3)12=-V2 3.17
(R4+Rs)13=V2 3.1¢

The general mesh equations for three mesh resistive network can be written as

R11l1 + R12l2 + R1313= Va 3.1¢
+ R21l1+R22l2 + Resls= Vb 3.2(
+ Ra1l1 + Ra2l2+Rasls= V¢ 3.21

By comparing the equations 3.16, 3.17 and 3.18 with equations 3.19, 3.20 and 3.21
respectively, the following observations can be taken into account.

1. The selfresistance in each mesh

2. The mutual resistances between all pairs of meshes and

3. The algebraic sum of the voltages in each mesh.

The selfresistance of loop 1,1R=R1+R2, is the sum of the resistances through which |
passes.

The mutual resistance of loop 11 R -R2, is the sum of the resistances common to loop
currents 1 and b. If the directions of the currents passing through the common resistances are
the same, the mutual resistance will have a positive sign; and if the directions of the currents
passing through the common resistance are opposite then the mutual resistahaeeval
negative sign.

Va=V1is the voltage which drives the loop 1. Here the positive sign is used if

the direction of the currents is the same as the direction of the source. If the current
direction is opposite to the direction of the source, then the negative sign is used.

Similarly Ro2=R2+R3 and R33=R4+Rs5 are the selfesistances of loops 2 and 3

respectively. The mutual resistancess, R21= -R2, R23=0, R31=0, R32=0 are the
sums of the resistances common to the mesh currents indicated in their subscripts.

Vb=-V2,Vc= V2 are the sum of the voltages driving their respective loops.

22
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Example 3.4write the mesh equation for the circuit shown in fig. 3.8

A

S
11 +
1ovC> I3 4K
6K

£ \-20V
/

Figure 3.8

Solution : the general equation for three mesh equation are

R11l1 £ R1212 + R1313=Va (3.22)
+ R21l1+R22l2 + Re3l3=Vhb (3.23)
(3.24)

* Rail1 £ Rs2l2+Rssls=Ve
Consider equation 3.22
Riui=self resistance of loop 1=(1Y+

R12= the mutual resistance common to loop 1 and loop3&K

Here the negative sign indicates thte currents are in opposite direction
. R13= the mutual resistance common to loop 1 &8XK
Va= +10 V, the voltage the driving the loop 1.

Here he positive sign indicates the loop currems In the same direction as the
source element.

Therefore equation 3.22 can be written as

3

Y

23
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10 I1- 312-613= 10 V (3.25
Consider Eq. 3.23

R21= the mutual resistance common to loop 1 and loop3ZK-

Rx>= self resistance of |l oop 2=(3Y+ 2 Y

R23=0, there is no common resistance between loop 2 and 3.
Vp =-5V, the voltage driving the loop 2.
Therefore Eq. 3.23 can be written as
-3l1 + 10b=-5V (3.26]
Consider Eqg. 3.24
R31= the mutual resistance common to loop 1 and loop&K
R32= the mutual resistance common to loop 3 and loop 2 =0

R3z= self resistance of Il oop 3=(6Y+ 4 Y)
Vc= the algebraic sum of the voltage driving loop 3
=(5 V+20V)=25 V (3.27)

Therefore, Eq3.24can be written-8¢1 + 10B3= 25V

-611-312-613= 10V

-311+10k=-5V

-611+103=25V

3.4 SUPERMESH ANALYSIS

Suppose any of the branches in the network has a current source, then it is slightly difficult to
apply mesh analysis straight forward because first we should assume an unknown voltage
across the current source, writing mesh equation as before, andl#tertire source current

to the assigned mesh currents. This is generally a difficult approach. On way to overcome this
difficulty is by applying the supermesh technique. Here we have to choose the kind of
supermesh. A supermesh is constituted by two adjdoeps that have a common current
source. As an example, consider the network shown in the figure 3.9.

R2
+ V|1 |2 R3 |3 R4
< - -«
1 | ® 2 3
Figure 3.9

24



CNT, Semestef®3 Diploma Engineering (Electrical & Electronics)

Here the current source | is in the common boundary for the two meshes 1 and 2. This current
source creates a supermesh, which is nothing but a combination of meshes 1 and 2.

R1l1 + R3(12-13)=V
Or Ril1 + R3l2 - R4l3=V

Considering mesh 3, we have
Ra(13-12)+ Ral3z=0

Finally the current | from current source is equal to the difference between two mesh currents
ie.

[1-12=I

we have thus formed three mesh equations which we can solve for the three unknown

currents in the network.

Example35 Deter mine the current in the 5Y resi

Q
(e

v
D

. S
50 v C)_ l1 3

> 1
>
D 13
5Y
d
Figure 3.10
Solution:- From the first mesh, i.e. abcda, we have
50 = 10(k-12) + 5(11-13)
Or 15h-10I2 -513 =50 (3.28

From the second and third meshes. we can form a super mesh

10(I-11)+212 +13+5(13-11)=0

Or -15h+12k2 +613 =0 (3.29!

25
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The current source is equal to the difference between Il and Il mesh currents
i.e. b-13=2A (3.30
Solving 3.28.,3.29 and 3.30. we have
1=19.99A,b= 17.33 A, andd=15.33
A The current i-lg=198% 5Y resistor =

-15.33=4.66A
The current in the 5Y resistor i's 4. 66A.

Example 3.6.Write the mesh equations for the circuit shown in fig. 3.11 and determine the
currents, 1, 12 and b.

10V
S - U
1 )
I2 I3
@ 3Y 1Y
10
A < .
<« — 2Y
4—
I 1
I
Figure 3.11

Solution ; In fig 3.11, the current source lies on the perimeter of the circuit, and the
first mesh is ignored. Kirchhoffodos voltage

From the second mesh, we have
3(l2-11)+2(I2-13)+10 =0

or -311 +5I2-2I3 = -10 (3.31)

From the third mesh, we have

13+ 2 (I3-12) =10

Or -212+313 =10 (3.32

26
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From the first mesh, 1 =10A (3.33
From the abovethree equations, we get

11=10A, 2 =7.27, 13=8.18A

3.5 NODALANALYSIS

In the chapter | we discussed simple circuits containing only two nodes, including the reference
node. In general, in a N node circuit, one of the nodes is chosen as the reference or datum node, then
is possible to write N1nodal equations by assumiNgl node voltages. For example,al0 node circuit

requires nine unknown voltages and nine equations. Each node in a circuit can be assigned a number or

a letter. The node voltage is the voltage of a given node with respect to one particular node, called the
reference node, which we assume at zero potential. In the circuit shown in fig. 3.12, node 3 is assumed
as the Reference node. The voltage at node 1 is the voltage at that node with respect to node 3. Similarly
the voltage at node 2 is the voltage atthatd e wi t h respect to node 3.
law at node 1, the current entering is the current leaving (See Fig.3.13)

1 2
R2 Ra
A
l1 (D R1 R3 Rs
3 Figure 3.12
R2
S e AVAVAVAS
I1
® Ry

Figure 3.13
1= VI/R1 + (V1-V2)/R2

it

27
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Where Vi and \© are the voltages at node 1 and 2, respectively. Similarly, at node

2.the current entering is equal to the current leaving as shown in fig. 3.14
SR

—/\/\/\/4

R3\\R5

% % Figure 3.14

(V2-V1)/R2 + V2/R3 + V2/(R4+Rs5) =0

Rearranging the above equations, we have

V1[1/R1+1/R2]-V2(1/R2)=

-V1(1/R2) + V2[1/R2+1/R3+1/(Ra+Rs5)]=0

From the above equations we can find the voltages at each node.

Example 3.7Determine the voltages at each node for the circuit shown in fig 3.15
3Y

10Y _/\/\/\/\_ 2Y

> D ;

10V 7 5Y 5A 1\‘>}>6§5

— WV

| | Figure 3.1¢

Solution : At node 1, assuming that all currents are leaving, we he
(V1-10)/10 + (M-V2)/3 +V1/5 + (V1-V2)/3 =0
Or V1[1/10 +1/3 +1/5+ 1/33V2[1/3+1/3]1=1
0.96V1-0.66V2 = 1 (3.36)
At node 2, assuming that all currents are leaving except the current from current source, we

have
(V2-V1)/3+ (V2-V1)/3+ (V2-V3)/2 =5
V1[2/3]+V2[1/3 +1/3 + 1/2}V3(1/2) =5

-0.66V1+1.16\2-0.5V3= 5 (3.37
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At node 3 assuming all currents are leaving, we
have (\3-V2)/2 + V3/1 + V3/6 =0
-0.5V2 + 1.66\5=0 (3.38)

Applying Crameros rule we get

1 1066 O

5 116 105

0O 105 166 7.154
Vi= = = 8.0¢
096 1066 O 0.887

1066 1.1¢ 105

0 105 1.6¢€
Similarly,
0.96 1 0
1066 57105
V= 0 0 1.66 - 9.06 ~10.2
0.9€ 1 0.66 0 0.887
1 0.66 116 T OE
0O 105 1.6¢€
096 1066 1
1066 1.1€¢ 5

096 1066 O 0.887
1066 1.1c 105
0 105 1.6¢

3.6 NODAL EQUATIONS BY INSPECTION METHOD The nodal equations for a general planar network can also be written by inspection
without going through the detailed steps. Consider a three node resistive network, including the reference node, dgsha®n in

R1 R3 Rs

— Figure 3.16
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In fig. 3.16 the points a and b are the actual nodes and c is the reference node.

Now consider the nodes a and b separately as shown in fig 3.17(a) and (b)

R1 Va R3 R3Vp

- Figure 3.17

Iln fig 3.17 (a), accordi

l1+12+13=0
(VaV1)/R1 +VaR2+ (Va-Vh)/R3= 0
Iln fig 3.17 (b) , i f we
4+ [5= 13
(Vb-Va)/R3 + Vb/Ra+(Vb-V2)/R5=0
Rearranging the above equations we get
(1/R1+1/Ro+1/R3)Var(1/R3)Vh=(1/R1)V1
(-1/R3)Vat (1/R3+1/Ra+1/R5)Vp=V2/Rs5
In general, the above equation can be written as
GaaVa + GabVb=I1
GbaVa+ GbbVb=I2

By comparing Eqgs 3.41,3.42 and Eqgs 3.43, 3.44 we have the self conductance at node
a, Ga(1/R1 + 1/R + 1/Rg) is the sum of the conductances connected to node a. Similarly,

Gbb = (1/R3 + 1/R4 +1/Rs) is the sum of the conductances connected to nodeps(-A/R3)
is the sum of the mutual conductances connected to amadd noded. Here all the mutual

conductances have negative signs. Similarlye=G(-1/R3) is also a mutual conductance

connected between nodesnda. 11 and b are the sum of the sourcarcents at node and
nodeb, respectively. The current which drives into the node has positive sign, while the current

that drives away from the node has negative sign.

ng

ap

Rs

(b)

(3.39

(3.40

(3.41
(3.42

(3.43
(3.44
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Example 3.8for the circuit shown in the figure 3.18 write the node equations by the
inspection method.

10V 2 \‘<

Fig 3.18
Solution:-
The general equations are
GaaV atGabVb=I1 (3.45
GbaVa+ GbbVb=I2 (3.46

Consider equation 3.45

Gaa=(1+ 1/2 +1/3) mho. The self conductance at nodethe sum of the
conductances connected to nede

Gbb = (1/6 + 1/5 + 1/3) mho the self conductance at ribidehe sum of
conductances connected to ndde

Gab=-(1/3) mho, the mutual conductances between na@esib is the sum of the
conductances connected between reodedb.

Similarly Goa=-(1/3), the sum of the mutual conductances between rinaled

a. 11=10/1 =10 A, the source current at nage
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12=(2/5 + 5/6) = 1.23A, the source current at nbde
Therefore, the nodal equations are
1.83Vx-0.33\h=10 (3.47

-0.33Va+0.7Vb= 1.23 (3.48
3.7 SUPERNODE ANALYSIS

Suppose any of the branches in the network has a voltage source, then it is slightly difficult to
apply nodal analysis. One way to overcome this difficulty is to apply the supernode technique.
In this method, the two adjacent nodes that are connectetditage source are reduced to a

single node and then the equations are for

This is explained with the help of fig. 3.19

Vi V2 + V3
—\\N 1)
R2 VX
IQD R1 R3 R4 Rs
'A%
4
FIG 3.19
It is clear from the fig.3.19, that node 4

current law at node 1, we get
I=(V1/R1) + (V1-V2)/R2

Due to the presence of voltage sourgévbetween nodes 2 and 3, itis slightly difficult
to find out the current. The supernode technique can be conveniently applied in this case.

Accordingly, we can write the combined equation for nodes 2 and 3 as under.
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3.20

(V2-V1)/R2 + V2/[R3 + (V3-Vy)/R4 +V3/R5= 0

The other equation is
V2-V3 =Vx

From the above three equations, we can find the three unknown voltages.

Example39Det er mi ne the current in the 5

Vi

Mo ALY

5Y 2 Y

10V fig. 3.20

Solution. At node 1

Or

10= V1/3 + (V1-V2)/2
V1[1/3 +1/2}(V2/2)-10=0

0.83V1-0.5V2-10 = 0 (3.49

At node 2 and 3, the supernode equation is

(V2-V1)/2 + V2/1 + (V3-10)/5 +\3/2 =0

Or V12 +V2[(1/2)+1]+ V3[1/5 + 1/2]=2

Or -0.5Vi+ 1.5\»+0.7V3-2=0 (2.50
The voltage between nodes 2 and 3 is given by

V2-V3=20 (3.51

r
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The currentssM-10% resistor |

Solving equation 3.49, 3.50 and 3.51, we obtain

V3=-8.42V

Currents $=(-8.4210)/5 =-3.68 A (current towards node 3) i.e the

current flows towards node 3.

3.8 SOURCE TRANSFORMATION TECHNIQUE

In solving networks to find solutions one may have to deal with energy sources. It has
already been discussed in chapter 1 that basically, energy sources are either voltage sources
current sources. Sometimes it is necessary to convert a voltage soarcartent source or
vice-versa. Any practical voltage source consists of an ideal voltage source in series with an
internal resistance. Similarly, a practical current source consists of an ideal current source in

parallel with an internal resistance dgwn in figure3.21. Rand R represent the internal
resistances of the voltage sourag, @nd current source fespectively.

Rv

AWV a

Vs & |s@ R

b fig.3.21 b

Any source, be it a current source or a voltage source, drives current through its load
resistance, and the magnitude of the current depends on the value of the load resistance. Fi
3.22 represents a practical voltage source and a practical currentcmureeted to the same

load resistance IR

Rv
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Vs 1L A A A /RS ® R1 RL

A

(@) (b)

Figure 3.22
From fig 3.22 (a) the | oad voltage can be
Vab=VsILRv
The open circuit voltage 0&Vs

The short circuit currentd= ~°

Ry
from fig 3.22 (b)
IL=lsI=ls(VauR1)
The open circuit voltage 3é&= IsR1

The short circuit currentd=ls

The above two sources are said to be equal, if they produce equal amounts of current
and voltage when they are connected to identical load resistances. Therefore, by equating the
open circuit votages and short circuit currents of the above two sourcésaire o

Voc=IsR1=Vs

Isc=ls=VdRy
It follows that
R1=Rv=Rs, VsIsRs

where R is the internal resistance of the voltage or current source. Therefore, any
practical voltage source, having an ideal voltageaM internal series resistance dan be
replaced by a current soureeV¢Rsin parallel with an internal resistance Rhe reverse
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tansformation is also possible. Thus, a practical current source in parallel with an internal
resistance Rcan be replaced by a voltage sourgel¥Rs in series with an internal resistance
Rs.

Example 3.10Determine the equivalent voltage source for the current source shown in fig
3.23

5A 5Y

Figure 3.23

Solution: The voltage across terminals A and B is equal to 25 V. since the internal resistance
for the current source is 5 Y, the interna
equivalent voltage source is shown in fig. 3.24.

5Y

Fig 3.24

Example 3.11Determine the equivalent current source for the voltage source shown in fig. 3.25

%
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Solution : the short circuit current at terminals A and B is equal to

|I=50/30 = 1.66 A
A
1.66A‘L %
T oa0d
I
Fig 3.26
Since the internal resistance for
of the current source is also 30 VY.

t
The

he

eq
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NETWORK THEOREMS

Before start the theorem we should know the basic terms of the network.
Circuit: It is the combination of electrical elements through which current
passes is called circuit.
Network: It is the combination of circuits and elements is called network.
Unilateral :It is the circuit whose parameter and characteristics change with
change in the direction of the supply application.
Bilateral: It is the circuit whose parameter and characteristics do not
change with the supply in either side of the network.
Node: It is the inter connection point of two or more than two elements is
called node.
Branch: It is the interconnection point of three or more than three elements is
called branch.
Loop: It is a complete closed path in a circuit and no element or node is taken
more than once.
Super-Position Theorem :

Statement :" It states that in a network of linear resistances containing more thar
one source the current which flows at any point is the sum of all the currents
which would flow at that point if each source were considered separately and all

other soures replaced for time being leaving its internal resistances if any".
R,

Explanation :

Considering E source
R

Step 1.
Ro&r are in series and parallel withgRRnd again series withiR
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(Ratr2) || R
_ (R2 tr )R3 = m (say)
Ro+r2+R3

Rb=m+R1+r1

Rty
l1%Rg
2 =R~ rrr
1= 1 2 2
Ro+r2+Rs
Stepi 2
Considering E2 sourceiRr are series anddparallel and Rin series

(Rit+n) || R

= (Ri+r)Rs -y (say) R, 1. N
R1+r1+R3 W‘ \/ I W'

R=n+R2+r2 ‘ i

I B f R;

Z:th T ’
,_J21(Ritr) '

I3 = Ri+ri+R3
| [2XR3
lf =———
Ri+ri+R3
Stepi 3
Current in R branch 2,7 1/

Currentin R branch & 1/
2 2 2

The direction of the branch current will be in the direction of the greater value
current.

Theveninds Theorem

The current flowing through the load resistangecBnnected across any two
terminels A ang B of a linear active bilateral network is given by

Rn+R. R+R

Where Mh = Vocis the open. circuit voltage across A and B terminal wheisR
removed.

Ri =Rth is the internal resistances of the network as viewed back into the open

circuit network from terminals A & B with all sources replaced by their internal
resistances if any.

IL=
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Explanation :

r - R: Ry

Step’ 1 for finding V oc
Remove R temporarily to find \4c.
R,

) [

1 l

| il R,

__E
| = R1+R +r

Voc = IR2

Stepi 2 finding Rth
Remove all the sources leaving their internal resistances if any and viewed from

open circuit side to find outiR®r R.

Ry

v

R=(R+r1)[|R
F%_(Rl + r)R2

Ri+r+Ro
Stepi 3

Connect i nternal resi stances and The
resistance R
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Where Rh=thevenin resistance

Vin=thevenin voltage
lth=thevenin current
Ri=(Ri+r)||R
% %
th oc
th L R+ R
Example 0 Applying thevenin theorem find the following from given figure

(i)  the Current in the load resistance Bf 15q

3Q A
Q:V\hr L
:: 9, -
$ 2150
24V “——
r=1Q
B

Solution : (i) Finding Voc
Y Remove 1§ resistance and find the Voltage across A and B

3Q
AAAA A

wyy

AAAA
2 AAAS

Vocis the voltage across h2resister

Voo 24x12 — o,
12+3+1
(i)  Finding Rn

Rth is calculated from the terminal A & B into the network.

The 1q resister and 3 in are series and then parallel %5

AAAA
vy

AAA
vy
—
[3®]
Q

Rih=3+1//12

AAAA

Yy
—
[39]

4 x12
=—I6x =3q
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(i) Ith== —0 __18 1A
RL+R  15+3
Example02:.Det er mi ne t he current I N

network shown in fig(a) using thevenin theore&olution:The circuirt can
be redrawn as in ﬂg (b).

e —x\i

L < fig (a),(b),(c),(d) respectively
Stepl remove the 1Y resistor and
converted to the equivalent voltage source as shown in fig (c)
Step02 for finding the \h we'll apply KVL law in fig (c)
then 3(3+2)x1=0
x=0.4A
Vih=VaB =3-3*0.4=1.8V
Step03for finding the Ry,all sources are set be zero
Rn=2//3=(2*3)/(2+3)=1.2Y
Step04 Then currentth=1.8/(12.1+1)=0.82A

1Y re

keepi

S
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Example03:The four arms of a wheatstone bridge have the following resistances

AB=100Y, BC=10Y, CD=4Y, DA=50Y. AA d
resistance is connected across BD. Use thevenin theorem to compute the currer

through the galvanometer when the potential differencelQV is maintained across
AC.

Solution:
o
AN
\’::r},/ ’L ,.,ch n
‘_x\ (D \
-
'S /“
| Mg, b K
. st i, )
l o |
u |
. s
] =
c
S
P
™ v/ \ 1‘-
LNy ‘?,;:':1' LH o 4
& | gen & e T
= z ) \ YR 5
; & = / » - \
# ~ \\ A ( hb ) \
AR w» o & | % / , pE——¢
< \ lon ik o
' 2:1 T —‘r‘/’u < ‘1\\ rxﬂ:”‘| o 4&/
saly, | 3 Ny , O a7 Y-
N~ b N
- | VA
—— \ '.‘ Femm—— tl)

step 01 Galvanometer is removed.

step02finding the Mh between B&D.ABC is a potential divider on which a
voltage drop of 10vtakes place.
Potential of B w.r.t

C=10*10/110=0.909V Potential of D
w.r.t C=10*4/54=.741V then,
p.d between B&D is ¥4=0.909

.741=0.168V StepB8nding Rih
remove all sources to zero keeping their internal resistances.
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Rh=Rep=10//100+50// 4=12.79Y
Step04;
lastly kh=Vtn/Rih+RL=0.168/(12.79+20)=5mA

Norton's Theorem

Statement :In any two terminal active network containing voltage sources and

resistances when viewed from its output terminals in equivalent to a constant

current source and a parallel resistance. The constant current source is equal t

the current which would flown a short circuit placed across the terminals and

parallel resistance is the resistance of the network when viewed from the open

circuit side after replacing their internal resistances and removing all the sources.
OR

In any two terminal active network the current flowing through the load resistance

RL is given by

RWLL
R x R
Where Ris the internal resistance of the network as viewed from the open ckt
side A & B with all sources being replaced by leaving their internal resistances if
any.
Iscis the short ckt current between the two terminals of the load resistance
when it is shorted
Explanation :
R

B

Stepi 1
A &B are shorted by a thick copper wire to find o |
lsc= E/(Rl + r)

0o

a7
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A :
. R, B PR
E_L_
[ R
B
lsc= E / (R_l_ +r)
StepTi 2

Remove all the source leaving its internal resistance if any and viewed from

open circuit side A and B into the network to find.R
A

-

R, %

*B

Ri=(R+1)[|R
R=(Ri+rNR2/(RL+r+R)

NOIEE T

Stepi 3

Connect §c& Rj in parallel with R

| xR,

|: SC ]

R+ R

Example 01Using norton's theorem find the current that would flow through the
resistor Rwheni t takes the values of 12Y

shown below.
Solution:
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Step Oremove the load resistance by making short circuit. now terminal AB
short circuited.
Step 02Finding the short circuit currengd
First the current due tolks =120/40=3A,and due togks 180/60=3A.
then k=3+3=6A
Step 03finding resistance R
It is calculated by by open circuit the load resistance and viewed from open
circuit and into the network and all sources are taken zero.
RN=40//60=(40*60)/(40+60)=24Y
) when R= 1 2 Y=S6*24/(24+36)=4A
i) when R= 2 4 ¥=6/2=3A
iii) when R= 3 6 ¥=6*P4/(24+36)=2.4A

Maximum PowerTransfer Theorem

Statement : A resistive load will abstract maximum power from a network when
the load resistance is equal to the resistance of the network as viewed from the
output terminals(Open circuit) with all sources removed leaving their internal
resistances if any

Proof :
Vv

IL - R +thR|_
Power delivered to the load

resistance is given by
P=I"R
L L

<
N

R;

&

T8

A
\/IL

gRL
-
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= Vin2RL
(R+RL)?
Power delivered to the load resistangeviill be maximum
When an _ 0
dR
d _WR _g
dR (R +R)~*
VZ(R+R)T VAR x2(R+R)  _ 0
R

Vir? (R +RL)?TViPRLx2(R +R.) =0
Vind (R +RL)?T 2V RL(R+RL) =0
Vind (R +RL)2=2Vin? RL(R + RL)

R +R. =2R
R=2R.T R
R=R
Vin?
(PL)max= (R+R)? "
V2 i L
=—»s R
4R 5
L
VZ
= . XR
4RZ |
(PL) max=v-

L

MI LLI MANGS THEOREM

According to Millimans Theorem number of sources can be converted into
a single source with a internal resistance connected in series to it,if the sources
are in parallel connection.

According to the Millimandés theorem

Ex1l+E x1 +Ex 1+,
1 R 2 R 3 R

S N

a7
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=BG+ oG+ E3Gs+
.. G1 +G2 +G3 +...
E EE
L S T
R R R
= 1 2 3
G1 +G2 +G3 +....
—htoHs+ 61—
+G2 +G3 +...
Examplei Cal cul ate the current across 5Y
Only
A
20 R, R
db db
R, 3 " SR
E, —— 6v gy | B
T B
Solution = Given ,
Ri= 2YR=6Y |, R=4Y, R=5Y
Ei1= 6v, E2=12v
the resistance Hs not calculated because there is no voltage source
Seh B
Rl RZ R3
Vo=E= 1 1 1
R'R "R~
1 2 3
6 12
_279*7
1,11
2 6 4
3+0+3 6
=6+2+43  =11x2 =6.54
12 < V1
R=_ 1 =-1:-12 =092 LS
» 11 1 111 z
R+ R+R 12 " §
1 2 3 50
Voc 6.54 NG
L= = =1.07/Amp |
1.09+5 1.09+5
COMPENSATION THEOREM :
Statement :
ltdéds states that in a circuit any
which a current 616 is flowing can |

by a voltage source 9R
OR
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If the resistance of any branch of network is changed from R to R +4R
where the current flowing originaly is i. The change current at any other place in
the network may be calculated by assuming that one &.lndo R has been
injected into the modified branch. While all other sources have their e.m.f.

suppressed and O6RO6 represented by th
i
Ri=5 ir25A i5 -2.5A

= 75v R,-200 R: =200

Expi (01)

Calculate the values of new currents in the network illustrated , when the resistor

R3zis increased by 30%.
Solution :- In the given circuit , the values of various branch currents are
l1 = 75/(5+10) = 5A

x il
I =1 = 5% 20 =2 .5Amp. L R .

3 2 40 ~ <V"f\/ ‘bi_:
Now the value of B, when it increase 30% g ™ ;Elfs
Rs = 20 + (20x0.3) = 26q R: T 26Q

I
IR=261 20=6q A ey
V= IGR T
=125 6 = |
=115V \-é-wwvi\ — 15 2dme
silza s>+ 2%0=100s- s@ tr, 2
F20Q T 269
49 13'= 4 15+26: g’30: 0.5Amp —_:75\.
N -
=0.5¢5 = B LI
| 0 I
. 25 QAT
=0.5x20 =
| 0.4Am
. 25 TP

11"=5T1 0.4=4.6Amp

[2"=0.1+ 2.5=2.6Amp

I3"=2.5T 0.5=2Amp
RECIPROCITY THEOREM :
Statement :
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It states that in any bilateral n
produces a current o616 any other br

second branch woul d pro&tlbraneh.the s ame

Stepi_1 First ammeter B reads the current in this branch due to the 36v source,
the current is given by

4, x12
41112=—16 =3q
R =2+4+3=9q i o
| = &59 = 4Amp 1Q
—";‘36\ - ;
4x12 48 3
_ _48_ F 120
8= i34 16 P
IB =current through # resister 4Q B
Stepi (1) Then interchanging the sources
and measuring the current
6x 12 /2 .
6q l121 6+ "12= 18 =4q s 30
R = 4+3+1=8q
s 1Q
4 2 120
4Q B T 36V
36 S5x12 . V 36
= 8—4.5Amp la= 5% 2 = 3AmpTransfer resistance . 3-12q.

COUPLED CIRCUITS
It is defined as the interconnected loops of an electric network through
the magnetic circuit.
There are two types of induced emf.
(1) Statically Induced emf.
(2) Dynamically Induced emf.
Faradayos L-Bagmseticof EIl ectro
Introduction Y First Law : Y
Whenever the magnetic flux linked with a circuit changes, an emf is induced in
it.

e 1
a n

50



CNT, Semestef®3 Diploma Engineering (Electrical & Electronics)

OR
Whenever a conductor cuts magnetic flux an emfis induced in it.
Second Law ¥
It states that the magnitude of induced emf is equal to the rate of change of flux
linkages.
OR
The emf induced is directly proportional to the rate of change of flux and
number of turns
Mathematically :

dd

e —

dt

e N
ddi
Or =T N —
"Nt

Where e = induced en
N = No. of turns
= flux

6vebdb sign is due to Lenzds Law
Inductance Y

It is defined as the property of the substance which opposes any change in
Current & flux.
Unit:Y  Henry
Fl emingébs Ri ht Hand Rul e:

|t states that A h o |-fohgery rmoiddie finger gnd t
thumb at right angles to each other. If the fiinger represents the direction of
field, thumb represents the direction of motion of the conductor, then the middle
fingerrepresents he di rection of induced emf.
Lenzo6sYLaw

It states that electromagnetically induced current always flows in such a
direction that the action of magnetic field set up by it tends to oppose the vary
cause which produces it.

OR

It states that the direction of the induced current (emf) is such that it
opposes the change of magnetic flux.
(2) Dynamically Induced emf Y
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o7 >
i

In this case the field is stationary and the conductors are rotating in an

uni form magnetic fielzdindeCOmdUpr(isl}dngns

perpendicul ar to ldbhesmabgeetengthebd.

moves a distance of 6dx6é nt in ti me
The area swept by the conductadr =

dx Hence the flux cut #dx. B

Change in fl ux 1B—I%Q(dttime 0dt 6 second =

E =Blv

WhereV = d—xdt

I f the conduct odd iwd trha kKihreg maarg naendlce f
e = Blv sind
(1) Statically Induced emf Y

Here the conductors are remain in stationary and flux linked with it
changes by increasing or decreasing.

It is divided into two types .
()  Selfinduced emf.
(i)  Mutually-induced emf.
(i) Self-induced emf:Y Itis defined as the emf induced in a coil due to the

changLe of its own flux linked with the coil.

(00000

v

If current through the coil is changed then the flux linked with its own
turn will also change which will produce an emf is called-selticed emf.

SelfInductance Y
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It is defined as the property of the coil due to which it opposes any
change (increase or decrease) of current or flux through it.

Co-efficient of SelfInductance (L) :Y
It is defined as the ratio of weber turns per ampere of current in the coil.
OR
It is the ratio of flux linked per ampere of current in the coil
1st Methovd for o6LOG

N

Where L = Co-efficient of selfinduction
N = Number of turns
0 = flux
| = Current

2nd Method for L : Y
We know that

N

LI=N0G

TLI = N .
TR
S

TL_ = N

=3

I_CD’_

dl
dt
Where L = Inductance

V4

e = I\i—ddtu is known as selinduced emf.

When md'[ =lamp sec.

e =1 volt
L =1 Henry
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A coil is said to be a selhductance of 1 Henry if 1 volt is induced in it.
When the current through it changes at the rate of 1 amp/ sec.
3rd Method for L : Y
LM |\/|2 | AN
Where A = Area of »section of the coll
N = Number of turns
L = Length of the coil
(i)  Mutually Induced emf :Y
It is defined as the emf induced in one coil due to change in current in

ot her coil . Consider two coils O0AO6 a
be induced in coil 0B6 due to change
of the rheostat.
ié :B
Mutual Inductance :Y
| t i s defined as the emf 1 nduced
coil 6A6 is the ratio of flux I|linkag

Co-efficient of Mutual Inductance (M)

Coefficient of mutual inductance between the two coils is defined as the
weberturns in one coil due to one ampere current in the other,
1st MethoWdW for 6M6

N U

M=_21

l1

N2 = Number of turns

M = Mutual Inductance

U1 = flux linkage

I1 = Current in ampere
2nd Method for M .Y
We know that

M:M%
l1
MI1 = No(4
T Ml1=Nol1
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dt

77

Where en = l\iz—ddtu1 is known as mutually induced emf.

ev = 1volt
Then M =1 Henry

A coil is said to be a mutual inductance of 1 Henry when 1 volt is
induced when the current of 1 amp/sec. is changed in its neighbouring coil.
3rd Method for M : Y
M M ANN

I
Co-efficient of Coupling :

M =

Consider two magnetically coupled coils havingadid N turns
respectively. Their individual eefficient of selfinductances are

L MoM ANZ
1 = I
M oM ¢ AN 22
Ly = 0 Ir 2
The fluxGaipr oduced in coil jaMpéreisiue to a c
LI. MM AN? |
G=—l = o 1 L ox L
LN I N1
. _M M ANI
u= o 11
1 |
Suppose a fraction of this fluxi.eg&1i s | i nked with coi l
Thenm = Kt N, = KaNNe (1)
1 [/IMoM ;A
Similarly the fluxGopr oduced i n 2anpild O6BO due to
.~ MM AN |
u= 1 r 2 2
2 |
Suppose a fraction of this fluxi.eppi s | i nked with coil
. KN N
Thenm= K2 N 220 (2)
|2 |/MoMrA

Multiplying equation (1) & (2)
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KK N2N,
2 —s 2 2 2 x N
12/ M M 2 A2

2 2
2 mgmoan Mo M ANy

=K
| |

. 7 [QK1=K2=K]
M2 =KL L
1 2
M2,
2 _
Ke=T1T

Where O6KO6 i s-efficrentofocoudiy. t he co
Co-efficient of coupling is defined as the ratio of mutual inductance
between two coils to the square root of their-setfuctances.

Inductances In Series (Additive) Y

Fluxes are in the same durection

Let M = Coefficient of mutual inductance
L1 = Co-efficient of selfinductance o first coil.
Lo = Co-efficient of selfinductance o second coil
EMF induced in first coil due to seilfiductance
eL = Li —g—l

Mutually induced emf in first coil

e d
Mi= M gt
EMF induced in second coil due to self induction

€L, = Uz_dldt

Mutually induced emf in second coil

dl
eM, = M _dt
Total induced emf
e=e + e + e + e
L

1 L2 M1 M 2

I f 6L6 is the equivalent inductance,

56




CNT, Semestef®3 Diploma Engineering (Electrical & Electronics)

TLmdt= s Byt D 7 Dgerm Ay

dt— dldt(L1| L2T 2M)

L=L1+Lo+2M

Inductances In Series (Substnactive)Y:

e

(Fluxes are opposite in direction)
Let M = Co-efficient of mutual inductance
L1 = Co-efficient of selfinductance of first coll

Lo -= Co-efficient of selfinductance of second
coil Emf induced in first coil due to self induction,

4

dl
e = Li—dt
Mutually induced emf in first coil
e di dl
w=7TM— =M—
dt dt
Emf induced in second coil due to selfluction
dl
e = Lp— dt
Mutually induced emf in second coil
e dl di
M2 = TM— =M—
dt dt

Total induced emf
e-e +e +e +e

L1 L2 M1 M 2

dl d_ . di dl o dl
Thedet— Ligr Tlegi*M 5+ M 4t
TLdl= di +L72m) L=L +L T 2M
dt dt 1 2 1 2

Inductances In Parallel Y
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L

Let two inductances af; & L, are connected in parallel
Let the ceefficent of mutual inductance between them is M.
[ =ip+i9

i —dir ,dio (1)
dt dt dt

e=LdL 4+ M2
1 dt dt

= ngld'[2 M

didtl

L Hae v m Hge = Fae oM

didtl (Lat MTdidtlz(in M)_didtz
diz = (L2T M) diz (2)
dt (LlT M) dt
di =di + d
dt dt dt
=(L2T M) di2 + di2
(LT M)dt dt
1

dl

— fm et e (3)

1
| f O0LO6 is the equival en
_ di_ di o di2
=L w b a "M
Ldi=L d1 +Md
dt_ 1dt _d'[ _
U VI S — 4)
d L dt dt
diy
Substituting the value « dt
di_l., LaM  y_. --(5)

dt L L M dt
Equating equation (3) & (5)
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Lot M 1 Lot M
LTM +1=LL: LTM +M
1 1
Lot M +L40 M :_1 . TLIM+LIMTM 2
LiT M L LiT M
Litlo72M =1 LalaT M2
—OrME LM

LitlaToM = [ LateT M7]

LL T M2
L="L+LT2M
1 2
When mutual field assist.
LLT M?
L= L+L +2M
1 2

When mutual field opposes.

CONDUCTIVELY COUPLED EQUIVALENT CIRCUITS

The Loop equation are from fig(a)
Vi= Ll_I + M 7'2

d&i dt di
Ve=l2_ 2 + M 1
dt dt
",

t\ __/-m'n_...—o

L ) _1 Q‘L'“) t

\ Y 1"2

*\,, M n

| -

- 0

The loop equation are from fig(b) ;

Vi=(L1T M) md'[l'-'-_l\/l dtd (i1 +i2)
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V2= (L2T M )—dldt2 +M dtd (i1 +i2)
Which, on sirgplificatidqn become
VizLilh+ MY

dtdti +
Vozl, M d|l
2=L2 —

dt dt

So called conductively equivalent of the magnetic circuit . Here we may
represent £ = L1-M .
Zg=(L>-M)and =M

In case M is + ve and both the currents thare4.1-M , Zg = L2-M and Zc =
M, also , if isi ve and currents in the common branch opposite to each other
ZA=L1+M , Zg=Lo>+M and L =- M.
Similarly, if M isi ve but the two currents in the common branch are additive,
then also.

Zn=L1+M , Zs = L2+M and Z =- M.
Further Za , Zs and Z may also be assumed to be the T equivalent of the
circuit.

Exp.-01:
Two coupled cols have self inductances 110x103H and Lo= 20x10°3H.
The coefficient of coupling (K) being 0.75 in the air, find voltage ingbeond coll
and the flux of first coil provided the second coils has 500 turns and the circuit
current is given byii= 2sin 314.1A.
Solution :
M =K v [L1L2

M = 0.75¢ 10x10 2 x
20x102 M =10.6x103H

The voltage induced in second coil is
e

=10.6x10 3—dtd (2 sin 314)

=10.6x10 3 x 2 x 314 cos 31¢
The magnetic CKt being linear,
e NG 506¢ (Rd )

I
11

(=_M _ xi=10.610° 7 sjn 314
500x K 1 500x%0.75

= 5.66x10° sin 314t
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(i1 =5.66x10 ° sins314.
Exp. 02

Find the total inductance of the three series connected coupled
coils.Where the self and mutual inductances ardH,L >=2H,L3=5H

M12= 0.5H, Mp3= 1H, M13=1H
Solution:
La =L1+tM12+M13
=1+205+1
=2.5H

=2+1+0.5
=3.5H

=5+1+1
=7H

=2.5+3.5+7
=13H (Ans)
Example 03:

Two identical 750 turn coils A and B lie in parallel planes. A current
changing at the rate of 1500A/s in A induces an emf of 11.25 V in B. Calculate
the mutual inductance of the arrangement .If the self inductance of each coil is
15mH, calculate the fluproduced in coil A per ampere and the percentage of
this flux which links the turns of B.

Solution: We know that

Mdl,
A
p 11325
} — g“’ | —
t=""fa, =75gq=""™
(A' 2 at
now,
=t o B 5.2 9. 10-5Wh/A
i 174 Ny 50
M 7.5+ 1072
[ = = = = G
: \":L:Lz 15+ 103 0.5 0%
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A.C FUNDAMENTAL

Direct Current Alternating Current
Y v
i N N
T N i N
{— t —>

(1)D.C. always flow in one (1))A.C. is one which reverse
direction and whose magnitude periodically in

remains constant. A :
direction and whose magnitude

undergoes a definite cycle chang:
in definite intervals of time.

(2) High cost of production. (2)| Low cost of production

(3) (3) By using transformer A.C. voltage

It is not possible by D.C. :
: can be decreased or increased.
Because D.C. is dangerous to t

transformer. A.C. can be transmitted to a long

4 . : _ 4) distance economically.
4) Its transmission cost is too high “) y

Definition of A.C. terms :-
Cycle : Itis one complete set of +ve andge values of alternating quality spread
over 360 or 22 radan.
Time Period : It is defined as the time required to complete one cycle.
Frequency :It is defined as the reciprocal of time period. i.e. f=1/T
Or
It is defined as the number of cycles completed per second.
Amplitude : It is defined as the maximum value of either +ve half cyclever
half cycle.
Phase It is defined as the angular displacement between two haves is zero.
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OR
Two alternating quantity are in phase v
when each pass through their zero value at I

the same instant and also attain theirv]‘
maximum value at the same instant in a
given cycle. it t—>

V = VmSsin wt
I = ImsSin wt

Phase Difference - It is defined as the angular displacement between two
alternating quantities.
OR
If the angular displacement between two waves are not zero, then that is

known as phase difference. i.e. at a particular time they attain unequal distance.

v

I\

OR

Two quantities are out of phase if they reach their maximum value or
minimum value at different times but always have an equal phase angle between
them.

HereV = Vmsin wt

= |mSin (Wt'l,j)

I n this case currefd@. |l ags voltage
Phasor Diagram :
Generation of Alternating emf :-

Consider a rectangul ars eot il o Gisi H N®A

placed in xaxis in an uniform magnetic field of maximum flux densByn

web/nt. The coil is rotating in the magnetic field with a velocity of w radian /
second. Attimet=0, thecoilisinxxi s. After interval
coil make rotatinginanc | ockwi se directi don waintdh n
direction. The perpendicular component of the magnetic figidHs(in cos wt

According to Far andgnetidlsductioaws of el

Xa |
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e= I\i—ddtu

= Ni((] cosnt)
dt m
Ni (T Gim W coswit)

Nw(im sinwt
=2 fNGmsinwt(Qw =2 f)
= 2" fNBm Asinwt
e =Emsinwt

Where Em=2" fNBmA
f Y frequency in Hz
BmY Maximum flux density in

Wh/m# Now whend or wt = 90

e = bn
I.e. Em= 2 fNBmA

Fu T wit
0

Root Mean Square (R.M.S) ValueY

The r.m.s. value of an a.c. is defined by that steady (d.c.) current which
when flowing through a given circuit for a given time produces same heat as
produced by the alternating current when flowing through the same circuit for the
same time.

Sinuscdial alternating current is

i =Imsinwt = psind

The mean of squares of the instantaneous values of current over one
complete cycle

=2() i2dd
0(2° 10)

The square root of this value is

K.
= U
l 0o 2
= 2,!|mSind!2 dd

\ o2 ?
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r

| L.
= SNz
cg.dd \2 o
\/I , 217 cos &
e Iy Y |
2 0 2

=\/MZU(1T cos 21 )dd

4

[ .dTsinaf
4 2

0
> sin4
L 21 dd
0

-J'L -y

|
Ir.ms =Tm2 =0.707Im

Average Value ¥

The average value of an alternating current is expressed by that steady
current (d.c.) which transfers across any circuit the same charge as it transferred
by that alternating current during the sae time.

The equation of the a(lzllternating current is krsind
e U
o(" 10)

Hﬁmd —I' Usind. dd

Infi cogt] o == [I cos T (cosd]

= 2x Maximum Current

I ,

av

HenceJay =0.637m
The average value over a complete cycle is zero
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Amplitude factor/ Peak factor/ Crest factor :- It is defined as the ratio of
maximum value to r.m.s value.

MaximumValu: _ Im
Ka= = =/2=1.41¢
&= RM sSvalue . =2

V2
Form factor - It is defined as the ratio of r.m.s value to average value.

Kf = rmsValue _0.70m =/ 2 =1.41
AverageValue 0.6371m

Kf=1.11

Phasor or Vector Representation of Alternating Quantity ¥

-
N

An alternating current or voltage, (quantity) in a vector quantity which has
magnitude as well as direction. Let the alternating value of current be representec

by the equation e =kSin wt. The projection of lgon Y-axis at any instant gives
the instantaneous value of alternating current. Since the instantaneous values ar
continuously changing, so they are represented by a rotating vector or phasor. A
phasor is a vector rotating at a constant angular velocity
At t1, e1 = Eqn Sinwty
At tz, &2 = Enpp sinwty

Addition of two alternating Current : Y

Lete; = Equ sinwt
€ = Em sinwt1 0) E
The sum of two sine waves of the same frequencfl1
Is another sine wave of same frequency but of a )
different maximum value and Phase. ) Es >

e=1e? +e? + 2e1e codi
Phasor Algebra Y
A vector quantity can be expressed in terms of
(i)  Rectangular or Cartesian form
(i)  Trigonometric form
(i)  Exponential form

e
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(iv) Polar form

Esin g
E=a+jb 5
= E(cod +j sind)
Where a = E cod is the active part Ecos g

b = E sind is the reactive part

d=tan'P_ = Phase ang|
a

j=11(090)

j2= 1{180)

°= j2re)

j*=1(360)

()  Rectangular for :-
E=azjb
tard=b/a

(i)  Trigonometric form : -
E=E(cod +jsind)

(i) Exponential form :-
E=Eed

(iv) Polar form :-
E=E/+eE=1a%+b?)

Addition or Subtration : -

Ei1=a +]bs
Ex=ap + b2
EliE2=(31+a€))i%31+b2
+
tan 1 2
sr T :
Multiplication : -

Ei1 xEy= (a1 +ja1) + (a1 +jb2)
=(a1a2 1 bibp) +j(azaz + biby)
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+
ab ba

G=tan. 2 12

a2 1 biby

Ei=E1 d;

Eo=E do
EixEx=EiE> (1 +02
Division :-

Ei=E1 d1

S =

1= 101 = 1 di1d2
Eo E2 d2 E2

A.C. through Pure ResistanceY
Let the resistance of R ohm is connected across to A.C supply of applied
voltage

é[
é\,
J\i
nr”
g, o
- ¢ = Emsin Wt or v = Vmsin wt
e = Em SinWt ~=========mmmmmmmmmm- (1)
Let 6106 is the instantaneous current
Heree = iR
i =elR
i = EmSin Wt / R----m-------eemeeee- (2)

By comparing equation (1) and equation (2) we get alternating voltage
and current in a pure resistive circuit are in phase
Instantaneous power is given by

P =ei
= Em Sin wt : In sin o= EmSin_TV:t
Wt = Em Im sin’ wt [ = Imsin wt
E I )
=_m m . 2Sire wt T
2
= %mel M2 (11 cos 2wt) T —
E [ E
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V_ I _.
Where \/mz Imz is called constant part of power.

%2\./——Im2 .cos vt is called fluctuating part of power.

The fluctuating partvm Im .cosvt of frequency double that of voltage and currznt

waves.
Vm Im:V |
Hence power for the whole cycle p=/5../o ms ms
P =VI watts
A.C through Pure Inductance Y
Let inductance of O6LO6 henry is conne
i 5 VL

Al
()
N/
vV = Vmsin wt
V = Vi SiNWt ========mmmmmmmemae- (1)
According to Faradaydos | aws of el ect
across the inductance
di
vV=Ldt vV = Vmsin wt
di. .
dt is the rate of change of current el
Vsinwt=L di

m dt NS

—rip—y T2

dt L

di = XL|_m sinwt.dt
Integrating both sides,

Wi = gl_m sinwt.dt

V_  coswt

| = m

L w
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i—TV coswt

wL
i = ﬁcoswt
wL
V
i= 1 2—sinwtT —_
wL 2
\Y/ ’ .
= —— sinwtl— [QXL =2 fL:WL]
A 2

L

Maximum value of is

Im="_ wher qwti_ is unity.

XL 2
Hence the equation of current becornesg, sinwti * /2)
So we find that if applied voltage is rep[resented by, sinwt, then current
flowing in a purely inductive circuit is given by
i = Imsin@wtT * /2)

Here current lags voltage by an angl2 Radian. N
Power factor = cosl

= gos 90 o
Power Consumed = VI cas v

=VIx0

=0

Hence, the power consumed by a purely Inductive circuit is zero.
A.C. Through Pure Capacitance :Y

i=1I_ so{wt—xl2)
v = Vmsin wt

C

NS

iy TP

=)

v = Vmsin wt

Let a capacitance of 6Co farad is
voltage
V = Vi SINWE —-=-mmmmmmmmmmm oo (1)
let 6g6 = change on plates when p.d.
g=cv
g = CVmsin wt

b e
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d_th =T dtd (Vm sinwi)

I = cVmsSin wt
= wCVm cos wt
\Y

=—— =coswt
1/wc
Y, . "

= m =coswt [ x =_1 =_1 isknown as capacitive reactar
Xc Qe we 21

in ohm.]
= [m coswt

=Imsinwt+" /2)
Here current leads the supply voltage by an ahdteradian.

Power factor = cos(i
=cos 90 =0

Power Consumed = VI cab
=VIx0 =0

The power consumed by a pure capacitive circuit is zero.
A.C. Through R-L Series Circuit : Y

L
R (00000 ___
AW
. V& * Vi ——>
P—
N/

e=E_sn wt

The resistance of-8hm and inductance ofhenry are connected in series
across the A.C. supply of applied voltage

e =Emsinwt (1)
V =Vr+jVL
2 2 1 X|_
=4/"r +WL G =tan*
R
T XL
=4/(IR*+(IX )¢ (G =tan' —
R
2 i X
= I RAHX G=tan* —
: XL Vi=IXL
V =1z (=tan* J——
R
v
0 —
Z 2
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Wherez = E§+XL 2

=R+ jX | Is known as impedance ofIRseries Circuit.
| = V. _Em sinwt
Z 0 Z
| =Imsin(wti Q)
Here current lags the supply voltage by an afigle
Power Factor Y It is the cosine of the angle between the voltage and current.
OR
It is the ratio of active power to apparent power.
OR
It is the ratio of resistance to inpedence .
Power Y
= Vi
=Vmsinwt.Imsinwt1 )
=VmImsinwt.sinfwt1 a)

1
=72 VmIm2sinwtsinfwt1 ()

= l2 Vm Im[codi T cos 2(vt T ()]
Obviously the power consists of two parts.

() aconstant par%z VmImcodi which contributes to real power.

(i)  a pulsating componer%z VmImcos(@vt1 () which has a frequency twice

that of the voltage and current. It does not contribute to actual power since its
average value over a complete cycle is zero.
Hence average power consumed

1
=~2VmlImcodi

=%&‘2\/_—|m2cos’j
=VI codi
Where V & | represents the r.m.s value.
A.C. Through R-C Series Circuit : Y
The resisaslhamcaendfc adRadci tance of

A.C. supply of applied voltage

O
@
(@)
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e = Em SiNWt-----==-==-m=-mm oo (1)
R

AAAA
vy

- O

« AY%:2 H Ve

' 4

()
=/
V =Vr+( jVc)
= IR+ (1 jIX c)
=1 (RT jXc)
V=IZ

Wherez = R1 jXc = /R? + Xc 2 is known as impedance of® series Circuit.
Z=RI1 |Xc

=\ R? + X2

Td=tan’t %c I

R_,, A%
V=IZ 110

Y

=2 14 NN A
= Emsinwt
Z id

:ZE Msinfwt + G)

| = Imsinfwt + ()
Here current | eads tHhHé. supply voltag
A.C. Through R-L-C Series Circuit : Y
Let a resiodtmanneaucft ahR&®& of O6LO6 henry

farad are connected across the A.C. supply in series of applied voltage

L
IO L [/[c[oR
< ¥
— Ve Vi—¥—Ve—
(=)
N/

€ = Em SINWE ==mmmmmmmmmm oo oo (1)
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N Y N

e=Vr+tVL+VC

=VR+ VLT jVc

=VR+ (VLT Vc)

=Ir+j(IXLT IXC)

=I[R+j(XLT Xc)]

= (R X2 0=l X

R

=1Z =0
Where J _ _ (
Circuit Z=1" R+ (X_LT Xc)? is known as the impedance oflRC Series

ircuit.

If
It XL>Xc, then the angle is +ve.

XL<Xc, then the angle ise.

Impedance is defined as the phasor sum of resistance and net reactance
e=1Z =0

Z G _Emsinvvt
zZ Z
(1) Ifx_.>Xc,then P.fwill be lagging.

(2) If X_<Xc, then, P.f will be leading.

(3) If X_=Xc, then, the circuit will be resistive one. The p.f. becomes unity

and the resonance occurs.

= Imsinwt £ ()

REASONANCE
It is defined as the resonance in electrical circuit having passive or active
elements represents a particular state when the current and the voltage in the
circuit is maximum and minimum with respect to the magnitude of excitation
at a particular frequenyand the impedances being either minimum or
maximum at unity power factor
Resonance are classified into two types.
(1) Series Resonance
(2) Parallel Resonance
(1) Series ResonancelL et a resistance of 6R& o

and capacitance of o0C6 farad are conn
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w—] 00000 __,

——
NS
e=E_=n

e =Emsinwt
The impedance of the circuit

Z=R+j(XLT Xc)]

Z =R +(X_ T X0)?
The condition of series resonance:
The resonance will occur when the reactive part of the line current is
zero The p.f. becomes unity.
The net reactance will be zero.
The current becomes maximum.
At resonance net reactance is zero

XLT Xc =0

XL=Xc
WL =
L wle

[o]

W,2LC =1

wi

Resonant frequengy, ) = 71 ’chl
Impedance at Resonance

Z0=R
Current at Resonance

\V

lo= "R
Power factor at resonance

p.f. =R =R =1 [0z, =F]

Zo R

75




CNT, Semestef®3 Diploma Engineering (Electrical & Electronics)

Resonance Curve-

Unity p.f(upf) L

Lagging
P.f

fo
At low frequency the Xis greater and the circuit behaves leading and

at high frequency the Xbecomes high and the circuit behaves lagging
circuit.
If the resistance will be low the curve will be stiff (peak).
A If the resistance will go oh increasing the current goes on decreasing and
the curve become flat.
Band Width :Y
At point O6ADO 10TRh e power | oss 1is
The frequency isgfwhich is at

resonancel ﬂ

2
The power loss is 50% of the power loss at point

A

éA(\)/ Io /\
B H

Hence the frequencies
corresponding to point O0B®#&& s known
fo.f1= Lowe% half power frequency

f=f1

L o0 4L
F2 = Upper half power frequency

f=f+

;o 4L
Band width (B.W.) is defined as the difference between upper half power
frequency ad lower half power frequency.
BW.=f1f= "

> 1 2L
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Selectivity: Y
Selectivity is defined as the ratio of Band width to resonant frequency
Selectivity =BW. =R Selectivity=__R
fo 2'L 2" fol

Quality Factor (Q-factor) :Y
It is defined as the ratio of 2 Maximum energy stored to energy dissipated
per cycle

7 x L2

Q-factor = _leiT_

i
IR
_La?
CI2RT
_La?
TI2RT

_2 L.

_RT,

21 Q=1=f

Quiality factor == 0
R | 0

Quiality factor is defined as the reciprocal of power factor.

1.,

Q factor == tos (i
It is the reciprocal of selectivity.

= Voltage across Inductor.

\/oltage across resistor

Q-factor Or Magnification factor

\A/ |

VA" ™

Q- factor == "o
R

Q-factor factor = voltage across Capacotor.
Voltage across resistor

I X
= 0 ¢

IoR
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Xe
= R
1 1
=2 foC =2 fgCR
1
Q-factor = WCR
0
2_-Wolyx 1
= wer
0
1
2 _ =
Q RC
1
Q=\RC
_1 L
Q_R C

Graphical Method :Y
(1) Resistance is independent of frequency It represents a straigt
(2) Inductive Reactance X= 2" fL

It is directly proportional to frequency. As the frequency increases , X
Increases

1
(3) Capacitive ReactancecX= =2 fC

XL

f ——y

It is inversely proportional to frequency. As the frequency increases, X
decreases.

When frequency increases, ¥icreases and Xdecreases from
the higher value. _ .
g Ts“a,L"'.'L z ;F‘l*'l;-
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b
-Xc

fD f =

=00

At a certain frequency. X= Xc

That particular frequency is known as Resonant frequency.

Variation of circuit parameter in series resonance:
(2) Parallel Resonance-:Resonance will occur when the reactive part of the

line current is zero.

- p e §
i S g
At resonance,
Ici ILsinG =0
Ic =1 sind
V) v sind
X =
c R2+XL 2
V V XL
Xc =\/R2+XL2 X\/R2+XL2
1 XL
Xc =R2+X|_ )
R2+X|_2=X|_.XC

7% == XL Xc :WOLxV\/le

0

I sin b

[rcos g

I
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L
72=C-
L_
RP+X(*=C
R+ (2 foL)2=CL_
RR+4 2f02L2:cL_
_ L
4 25212=C 1R
2 1 L 2
f(} == — = _TR
4 ’fgle C
1] 1R
O T Vic' 2

fo = Resonant frequency in parallel circuit.
Current at Resonancelecodi
Vv R
\/RZ + X|_2 \/Rz + X|_2
VR

:+

R2+X|_
VR,

=VR=VLC _
L/RC

Dynamic Impedence

L/RCY Dynamic Impedance of the circuit.
or, dynamic impedances is defined as the impedance at resonance frequency in

parallel circuit.
Parallel Circuit : Y

=
L

The parallel resonance condition:
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When the reactive part of the line current is zero.

The net reactance is zert
The line current will be minimun
The power factor will be unit
Impedance z; =Ry +jX |
Z=R; 1 jXc
1__ 1
2 Rl X L
(RLt+jXL)
=(R+X DRI X )
Ry + XL
= Q1+X LZ

Admittance v; =

_ Y
Admittance : =—=
2

Total Admittance Admittanc ~_ =~ +—

Y =Y1 +Yo

Hl XL R2 XC

Y= RZ+X 2TjRA+X 2+RZ+X 2+j RZ+X 2
1 L 1 L 2 2

K x C C
1 R2 L Xc

= 2 T 2 7 | P 2 2
1 XL 2 +Xc 1 +X | »+Xc

At Resonance
PaS

L Xc
RZ+X 27 R22+XC2 =0
XL Ao

RR+X 2=R +X

1 L 2 C
X (Re? + Xc2)= Xc(Ri2 + X.2)
2 fL Ry 2 + 212 = 1 (R12+4’2f2L2)

4 fc 2fC

, L R2 2 fL2

+— =
, 2fc, 27fCc C

2" fLR
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L Rz 212 )
2fC?1 2fC= C 12 fLR
1 L 2 L 2
— —I R =2fL—1T R
2'fC C 1 C 2
% R? LT CR,
|
4 2§21 C= L L
L 2 LiCR>?
cC TR
1 LiICR,
42 f‘:——l2
IC LiCRy
1 LICR,
f2= 1
2 2
4 LC LiCR
1 LTCR >

/ 2
27 "LC V LICR

2

i LT CRy

f= 2 L?CT LC?R
2

fis called Resonant frequenc

If R? =0
Thenf= 1 |LICR

1 [LTCR
2'L C

_1£TR2
2 LVC 1
1 R?
—. 71—
2 VLc L
1 " R;
__I_l
2 \Lc L?
If R1and R =0, then
1 /L

PR

1 1 1

f=—. |— =
2 VLC 2'WLC

Comparison of Series and Parallel Resonant Cir¥uit :

ltem Series ckt (RL-C)

Parallel ckt (RT L and
C)
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(i Impedance at Resonance Minimum Maximum
(i Current at Resonance v v
Maximum= R Minimum= (L/CR
(i Effective Impedance R L
CR
(i P.f. at Resonance Unity Unity
i Resonant Frequency 1 11 R
—
2 LC 2 LCi L
i It Magnifies Voltage Current
(i Magnification factor WL WL
R R
Parallel circuit : Y
I Ri m—m
'I_.
+1 i: Ra- I C
P '
N
v.f
Zi=Ri+X L= R+ X% (g
Z>=Ri1 jXc =J\R212+Xc:2 10>
==V =V qd=l Td
Zl []1 Ll
Where " = VY1

Z1
Here Y1 Y Admittance of the circuit

Admittance is defined as the reciprocal of impedence.
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| = VY = V.
1 — R+ XL
l,=— VY =V d=vy G=1 0,
Z2 1021 22
I

| = Y122 +12 2 + 2l1l> cos(iy +02)
=11 T01+12 G2

A T,S"“ OQ_

o TLcosd+ I, cosp, A
e ; v

B 2

The resul tant current

il o 11&l2t he

can be found by using parallelogram low of vectors or resolyingd their X
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I and Y- components ( or active and reactive components respectively) and then
by combining these components.

Sum of active components afdnd b = I1 cosl i+ I2 cosliz Sum

of the reactive components afdnd I2=I2sin(i2-1 1sin(i1

EXPi01:
A 60Hz voltage of 230 V effective value is impressed on an inductance of
0.265H
() Write the time equation for the voltage and the resulting current. Let the
zero axis of the voltage wave be att = 0.
(i)  Show the voltage and current on a phasor diagram.
(i)  Find the maximum energy stored in the inductance.
Solution :-
Vmax= A 2V = A 2 x 230V
f=60Hz, Ww=2f=2 x60=37%ad/s.
x =wl =377x0.265=100q

()  The time equation for voltage isV (t) = 2302 sin 371.

Imax = Vmax/ X =230+ 2/100.= 2/313
G =90° (lag).
Q Currente quation is.
i(t) =2.3y2sin(3711 ~ /2)
or =2.3v2 cos377
(i) It

(i)  Or Emax = l2 LI 2= l2 x 0.265><F(2.3\ 2% =1.4]

Example-02 :

The potential difference measured across a coil is 4.5 v, when it carries a
direct current of 9 A. The same coil when carries an alternating current of 9A at
25 Hz, the potential difference is 24 v. Find the power and the power factor when
it is supplied g 50 v, 50 Hz supply.

Solution :
Let R be the d.c. resistance and L be inductance of the coil.
R=V/I =4.5/9=0.5q
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With a.c. current of 25Hz, z = V/1.

2—49=2.66q
x =41Z21 R2 4126671 0.5
=2.62
X =2 x25xL
xi =0.016

At 50Hz
X =2.62x2=524
Z=10.5+524

= 5.06q

| =50/5.26 =95 A

P=F/R =95 x 0.5 = 45 watt.
Examplei 03 :

A 50- ¢f capacitor is connected across a-23801 Hz supply. Calculate
(@) The reactance offered by the capacitor.
(b) The maximum current and

(c) The r.m.s value of the current drawn by the capacitor.
Solution :
1 1 1

a X =— = = — =63,
(2) we 2° 2" x50x50x10 6 &

(c) Since 230 v represents the r.m.s value
Qlms =230/x =230/63.6=3.62A

B  Im=lrmsx A2=3.62%x/x2=5.11A
Examplei 04 :
In a particular R L series circuit a voltage of 10v at 50 Hz produces a

current of 700 mA. What are the values of R and L in the circuit ?
Solution :

()  Z=®+(@ x50)?
=\R? + 98698 2

V =1z

10=700x10 3(R? + 98696 2)

J(R% +98696.2) = 10/ 700x10 3 =100/ 7

R? + 98698.2 =10000/ 49--=---=========--- (1)
(i) Inthe second cage= \R:+ (2 x 75L)

Q10=500x10 3,/R2 + 222066.2 ) = 20

JR2 +222066.2) = 20
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R: + 222068 2 = 400 ~-==-====m=mmmmmmmmmmmmmmmemee (1)
Subtracting Ea.(l) from (ii), we get,
22206621 98696.° = 4007 (10000 / 49)
1233702 = 196

12=123370 0

[ 196
L =V 12337(=0.03984 =40 mH.

Substituting this value of L in equation (i) we get+ 2220642 (0.398) = 400
R=6.9 .

Examplei 04 :

A 20q resistor is connected in series with an inductor, a capacitor and an
ammeter across a 25/, variable frequency supply. When the frequency is
400Hz, the current is at its MAxvalue of 0.5 A and the potential difference
across the capacitor is 150v. Calculate
(a) The capacitance of the capacitor.

(b) The resistance and inductance of the inductor.
Solution :

Since current is maximum, the circuit is in resonance.

X =Vc/1=150/0.5=300q
(@ x =1/2fe 300=1/2 x400xc

c=1.325x10 ®f = 1.32%f.
(b) x =x =150/0.5=300
2" 400 x L =300
L = 0.49H
(c) Atresonance,
Circuit resistance = 20+R
V/Z = 2510.5
R=30q
Exp.-05

An R-L-C series circuits consists of a resistance of @Q@ inductance
of 100MH an a capacitance oEw f er 10PK
(i)  The half power points.

Solution :

. 1 10
) fo=y Jigixige = o = 15KHZ
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U= R\/i 100( xV 1012 =100

|||) f=fol -~ = 159x10°T — 202 — 158 KHz

| 4" x10

R 159x10 3 +
- = X —
4 | 4 x101

o

f =fol =159.&KHz
2

Exp. -06

Calculate the impedance of the parallairned circuit as shown in fig.
14.52 at a frequency of 500 KHz and for band width of operation equal to 20
KHz. The resistance of the coil ig 5
Solution :

At resonance, circuit impedance is L/CR. We have been given the value of
R but that of L and C has to be found from the given the value of R but that of L
and C has to be found from the given data.

R 5
BW—2|20><103— 1o 1 =3%H
1 1_R2_1\/ 1 52
fol—=4/—1 —=— T | T2
2 LC L 2 V39%%1C C (39x10 )
C=2.6x10"
Z =L/CR=3%10°/2.6x10° x5
:3><103q
Example:A coi |l of resistance 20Y and i ng
variabl e capacitor. This combinatio

voltage of the supply is 200V at a frequency diHACalculate
1) the value of C to give resonance

i) the Q of the coill

i) the current in each branch of the circuit at resonance
Solution:

-
) 5
~
=

Xi=2" f L=200*10% 1256V
The coil is negligible resistance in comparison to reactance.

1
2myIC

f=

1 u
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il

10'5' = ———————
2rv200 ~ O+ 100m

i -
i) Q=21 = 2m = 10° = 200 = =—=62.¢

i) dynamic impedance of the circuit Z=L/CR=200*10
®(125*10"%* 20) =80000 Y

total Z=80000+8000=88000Y
|1=200/88000=2.27mA

p.d across tuned circuit=2.27+*P880000=181.6V current

through inductive branct——=—— = 144.5m4

current through capacitor branc@VC
=181 . 6%125:701%9142.7mA

POLY -PHASE CIRCUIT
Threephase circuits consists of three windings i.e. R.Y.B

E T E

N —

Y,
1200

ErR =Emsinwt=Em O
Evy =Emsinwti 120)=Em 1120
Ee =Emsinwti 240)=Em 1 240=Em 120
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3 - Circuit are divided into two types
A Star Connection
A Delta Connection

Star Connection Y

ZERE Neutral

VN

Y

B

If three similar ends connected at one point, then it is known as star connected
system.

The common point is known as neutral point and the wire taken from the
neutral point is known as Neutral wire.
Phase Voltage Y

It is the potential difference between phase and Neutral.
Line Voltage : Y

Itis It is the potential difference between two phases.
Relation Between Phase Voltage and Line Voltagd':
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Vi

N4 Y Y

Line Volatag®gry = VrnT VyN

VL = J{ VRN+ VYN T 2VRNVYN COoB0°

1
= | V2on+ V20T 2Vprvprx 2
2

e
= \3Vpnh = V3Vpp

VL = ( 3Vpn

Since in a balanced Bphase circuit ¥N= VYN = VBN=Vph
Relation Between Line current and Phase Current-;
In case of star connection system the leads are connected in series with
each phase
Hence the line current is equal to phase current
||_ = |ph
Power in 3 Phase circuit-

P=V phl phcosi per phase
=3V ph! phecosii for 3 phase

- 3VTé| | costi Qv SVEY,
P= N,.F?)VL | L codgi
Summaries in star connection:
i) The line voltages ar120* apart from each other.
i) Line voltages aré30% ahead of their respective phase voltage.

iii) The angle between line currents and the corresponding line voltage is 30+
iv) The current in line and phase are same.

ph

Delta Connection =
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If the dissimilar ends of the closed mesh then it is called a Delta
Connected system

Relation Between Line Current and Phase Current-

N Y

Line Currentin wird 1 = =R Y

Y
Line Current in wire2 = 'Y| 'B

Y Y

Line Current in wird 3 =Bi iR

v oy
IL=Irly

:\/|R2+|Y27 2 rly cos 60

1
:}| ph2+| phzT 2l phphx 2

){; |L—/?ph2

I, =3,

Relation Between Line Voltage & Phase VoltageY
VL = Vpn

Power == +/3VL |  codi

Summaries in delta:
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) Line currentsare 1207 apart from each other.

i) Line currents ar¢30% behind the respective phase current.
lii) The angle between the line currents and corresponding line voltages is 30+
Measurement of Power Y
(1) By single wattmeter method
(2) By Two-watt meter Method
(3) By Threewatt meter Method
Measurement of power By Two Watt Meter Method :

Phasor Diagram :
Let VR, Vv,VB are the r.m.s value of@ voltages andR,ly,IB are the r.m.s.
values of the currents respectively.
Current in Rphase which flows through the current coil of wattter
W1=IRr
And W2 = Iy .
Potential difference across the volYtag(E C()Yih@f: Vre=VRT Vs

AndW, =\Wwe=WT Vg
Assuming the load is inductive type wateter W reads.
W1 = Vrelr cos(301 () (1)
W1 =V I cos(301 (1) ==-==========mmmmmmmmmmmmem
Wattmeter M reads
= Vyp ly COS(3U+ U)
W, " T e
W, = V| I cos(30+ () (2)
Wi +Wo =V I cos(301 () +Vi I cos(30+ ()
=V I [cos(301 ) +VL I cos(30+ ()]
= VL IL (2 cos 30 codi)

3
= VLI (2x —2cos.'j )

Wi +Wo =8V | L codi (3)
Wi TW, =V I [cos(301 G) T cos(30+ ()
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=VL IL (2sin 3@ sin ()

=VLIL (2 % l2 x sin{)

Wi TWo =V I sinl
1TWo = VI sind
W+W 3V codi
1 LL

2

713:tarl’j

tan \/3

W+W

W|W

WI1iWwW

VoW

Variation in wattmeter reading with respect to p.f.

G =tan

Pf W1 reading W2 reading
=0,cos =1 +ve equal +ve equal
=60,cos =0.5 0 +ve
=90,cos =0 -ve, equal +ve equal

Exp.:01

A balanced stair connected load of (8+56). Per phase is connected to a
balanced $hase 104 supply. Find the cone current power factor, power and
total voltamperes.

Solution :

Zoh=A82+6% =10q

Vph=400/{3=23/v

| ph =Vph/Zph =231/10=23.1A
), IL = Zpr= 23.1A
i)  P.f. = cosl = Rpn/zph = 8/10 = 0.8 (lag)

iii) PowerP= \g\/L | L cosf

= y3x400x% 23.1x 0.8

=12, 800 watt.

Iv)  Total volt ampere s& VL IL

= &3 x 400x 23.1

=16, 000 VA.
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Exp. -02

Phase voltage and current of a stannected inductive load is 150V and
25A. Power factor of load as 0.707 (Lag). Assuming that the systemire &nd
power is measured using two watt meters, find the readings of watt meters.
Solution :

Vph = 150V
V1 =a3%x150
lph=IL = 25A

Total power =43 VLIL cos(i = 83 x 1500 3& 25 x 0.707 = 7954
watt. Wp + W2 = 7954.00, cosi= 0.707
(i = cos! (0.707) = 45, tan 45 =
1 Now for a lagging power factor,

tant = A3W1  W2) /(W1 +W2)
(W
= 3 1

7954
(Wi We) =4592

From (i) and (ii) above, we get
W1 = 6273w W2 = 1681w
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TRANSIENTS

Whenever a network containing energy storage elements such as inductor or capacitor is
switched from one condition to another,either by change in applied source or change in
network elements,the response current and voltage change from one state to the oth
state.The time taken to change from an initial steady state to the final steady state is known
as thetransient periodThis response is known xansient responser transientsThe

response of the network after it attains a final steady value is inddpat of time and is

OFff SR GKS aidSIrRenadalrisS NBaLRyaSaoeeKS O2 YL
the help of a differential equation.

STEADY STATE AND TRANSIENT RESPONSE

In a network containing energy storage elements, with change in excitation, the currents
and voltages in the circuit change from one state to other state. The behaviour of the
voltage or current when it is changed from one state to another is called #msignt state.
The time taken for the circuit to change from one steady state to another steady state is
called the transient time. The application of KVL and KCL to circuits containing energy
storage elements results in differential, rather than algebegjoations. when we consider a
circuit containing storage elements which are independent of the sources, the response
depends upon the nature of the circuit and is called natural response. Storage elements
deliver their energy to the resistances. Hences thsponse changes, gets saturated after
some time,and is referred to as the transient response. When we consider a source acting
on a circuit, the response depends on the nature of the source or sources.This response is
called forced response. In other was,the complete response of a circuit consists of two
parts; the forced response and the transient response. When we consider a differential
equation, the complete solution consists of two parts: the complementary function and the
particular solution. Theomplementary function dies out after short interval, and is referred
to as the transient response or source free response. The particular solution is the steady
state response, or the forced response. The first step in finding the complete solution of a
circuit is to form a differential equation for the circuit. By obtaining the differential

equation, several methods can be used to find out the complete solution.

5/ w9{thb{9 hC !'b wn[ /Lw/!Lt¢

Consider a circuit consisting of a resistance and inductance as shown in figure.The inductor
in the circuit is initially uncharged and is in series with the resistor.When the switch S is
closed ,we can find the complete solution for the current. Applicaio  { A NOK2 FF Q&
law to the circuit results in the following differential equation.

s R
A Vv

) 3

=
1l
1]
| +
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Figure 1.1
V=Ri+E& XXXXXXXXXXX XXX XXX X
or= Zj== XXXXXXXXXXXXXXX XX

ar L L

In the above equation , the current | is the solution to be found and V is the applied constant
voltage. The voltage V is applied to the circuit only when the switch S is closed. The above

equation is a linear differential equation of first order.comparh@ @A G K | y2y mK2 Y2 3|S

differential equation

43
S _ XXXXXXXXXXXXXXXXXXXXXXXM®Po
o +Px=K

whose solution is

K ETFRE™E 77T XXX XXX XXX XXXXXXX D mdn

Where c is an arbitrary constant. In a similar way , we can write the current equation as

.-

' (RY, » [EY,
[w _(_l' 1»' l_[r
A +e T _e"-L‘-

fr dt

"R-.F

Hence,i =C€ ' +- 888888888888888p8u

To determine the value of ¢ in equation ¢, we use the initial conditions .In the circuit shown in
&EC8p8ph OEA OxEOAE O EO Al 1T OAA AO OEn8AO OEM!
inductor is zero. Since the inductor does not allosudden changes in currents, at t=0+ just after
the switch is closed,the current remains zero.

Thus att=0,i=0
Substituting the above condition in equation ¢ , we have

0=c+-

Substituting the value of c in equation c , we get

. v ZRL
=27 et

=R
L

i=_j per)

=
=1

L I}
i=l-.} pg.t ) (where

e

I+

T = Timeconstant =

i=/} pei:) (where (q 888888888888888888p8g

o

JN
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b

0 1 2 3 4 5 €& 1C
Figure 1.2

-As

Equation d consists of two parts, the steady state pa,:-:,fo = VIR) and the transient part ' - € & .

When switch S is closed , the response reaches a steady state value after a time interval as
shown in figure 1.2.

Here the transition period is defined as the time taken for the current to reach its final
or stedy state value from its initial value.In the transient part of the solution, the
guantity L/R is important in describing the curve since L/R is the time periodequired
for the current to reach its initial value of zero to the final value/ - =V/R. The time

=82

constant of a function /_ e L is the time at which the exponent of e is unity, where e

is the base of the natural logarithms.The term L/R is called the time constant and is
AATT OAA AU z 8

- L N
S ZsecE
Hence, the transient part of the solution is

=RT

¥
i= Re
At one Time constant , the transient term reaches 36.8 percent of its initial value.
Ei Z(:-; E i:%'-"-l‘ £ ZT[?
Similarly,

Ej ¢ z%g-: E Zn-

Ej Uz';::?—a E ZT[Eé

After 5 TC the transient part reaches more than 99 percent of its final value.
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In figure A we can find out the voltages and powers across each element by using the

current. Voltage across the resistor is

" =87
v= =Ri=R—j pl )

Similarly, the voltage across the inductance is

4
L

L ? o Rn Rﬁ
vr=Ldr=L =

el =\vetl

Lol b

The responses are shown in Figure 1.3.

Figure 1.3

Power in the resistor is

I = ~ :S_r . LR: “ v
Fg=rzE E ¢7 ){1- 67 }x-

L =8 =:i

=—} P& )te:
Power in the inductor is

iy : i
- ¢f X = (.= @)
F=1:1=V EO
: =8t -z8:
=— (¢t &%)

The responses are shown in figure 1.4 .
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Figure 1.4
Problem : 1.1
VAV
60V ! 'é
Figure 1.5
I OAOEAO 2z, AEOAOEO xEOE 2 E omm ATA , E »pu

shown in Fig. 1.5 . determine the current i, the voltage across resistor and across inductor.

Solution :

U ADPDIUETI C +EOAEI £&60 Oi1 OACA , Axk xA CAO

155 +30i =60

== ::‘_ +2i=4

The general solution for a linear differential equation is
izce—na+ O EE g

where P=2,K=4

putting the values

izce o+ & 46

=.Z>s i=C5'_:.',+2
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At t=0, the switch s is closed.

Since the inductor never allows sudden change in currents. At the current in the circuit
is zero. Therefore at t={:i—:, 1 =0

==.0=c+2

=-.A EZ ¢

Substituting the value of ¢ in the current equation, we have
EEqED?)A

voltage across resistor £ =:q EE2 e 2qQ p@ omnEaJy p Z

B |

voltage across inductor () = L=: = 15 & Cj g72.)=30x 287Fy= 60e™

5/ w9{thb{9 hC !'!'b wnrn/ [/ Lw/,LE¢

Consider a circuit consisting of a resistance and capacitance as shown in figure.The capacitor in the
circuit is initially uncharged and is in series with the resistor.When the switch S is closed at t=0 , we
can find the complete solution for the current.dLJ A OF G A2y 2F |1 ANDK2FTQA
results in the following differential equation.

. s
o ' My

i (f)

[ =

Figure 1.6
'l-lV
V=RI':Jlﬂt XXXXXXXXXXXXXXXXXX

By differentiating the above equation, we get

0=R= +—i  XXXXXXXXXXXXXXXXX
Or

at 1.

ZH=IT0 XXXXX XXX XXX XXX XXX X
[rég 1119

%)
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Equation c is a linear differential equation with only the complementary function. The particular
solution for the above equation is zero. The solution for this type of differential equation is

) i)
I=Cc€ A 888888888888888p8pm

To determine the value of ¢ in equation c , we use the initial conditions .In the circuit shown in
Fig. the switch s is closed at t=0. Since the capacitor does not allow sudden changes in voltage, it
will act as a short circuit at t=0+ just after the switb is closed.

So the current in the circuit at t = 0+ |<__
Thus at t = 0, the current i =_

Substituting the above condition in equation c , we have
L

Substituting the value of ¢ in equation ¢ , we get

T
I:_F-’_t"--qc‘ 888888888888888888p8pp

i<

Figure 1.7

When switch S is closed , the response decays as shown in figurre.

4EA OAOI 2# EO AAIT 1T AA OEA OEI A Ai1O0O6AT O AT A E
3Th z E 2# OAA
After 5 TC the curve reaches 99 percent of its final value.

In figure A we can find out the voltage across each element by using the current equation.

Voltage across the resistor is

D
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al

vz =Rji=R- - ¢

VJA

Hence, v= =V

Similarly, voltage across the capacitor is

L o
-— 7
Z) s

Iz
{—x RC ¢RC |
=7 NEC i+ C

=Z gRE + ¢

At t=0,voltage across capacitor is zero
So,c=V
And

v o yil— i)

The responses are shown in Figurel.8.

LT L

Pr

Ur

2 3 4 5 & T
Figure 1.8

Power in the resistor is

- - . -

V’@ﬂC-K it

.,
|
|
1

=K

Power in the capacitor is
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-l
0

2 -_f o
=-_ ( eRCZ6RY)
The responses are shown in figure 1.9.

P

V2
R

Figure 1.9

Problem : 1.2

! OAOEAO 2z# AEOAOEO xEOE 2 E pmm AT A # Emn8p ¢
shown in Fig. determine the current i, the voltage across resistor and across capacitor.

§8
®

}@

0y =0.1F

1
§i

Figure 1.10

Solution :
"U ADPPIUET C +EOAEI £&60 O11 O6ACA , Axh xA CAO
10i + - J1dt=p0

Differentiating w.r.t. twe get

10 &+ =0

The solution for above equation is

105
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i=cz-~ =
At t=0, the switch s is closed.

Since the capacitor never allows sudden change in voltages. AZt— the current in the circuit
isi=V/R=20/10 =2 A

. Therefore att=0, i =2 A
= =. the current equation is i=2=-~"-
voltage across resistor \VE) iR =2c"7:x10=20c" =V

bl &

voltage across capacitor {-) = Vil = R0 ¢ i p)¥

51/ w9{thb{9 hC !'b wm[ 1/ /"Lw/ | 'L¢

Consider a circuit consisting of a resistance, inductance and capacitance as shown in figure.The
capacitor and inductor in the circuit is initially uncharged and are in series with the resistor.When
the switch S is closed at t=0 , we can find the cometation for the current.Application of
1TANDK2FTFQa @2t 01 3S g (G2 GKS OANDdZA G NBadzZ

N W

i~ it

Figure 1.11

VERIi+Z+2[1d XXXXXXXXXXXXXXXXXXX X

By differentiating the above equation, we get

O=R% La%tjdt*+ =i= XXX XXX XXXXXXXXXX

@art o E 420 XXX XXX XXX XXX XXX XXX

v

a
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The above equation c is a second order linear differential equation with only the complementary
function. The particular solution for the above equation is zero. The characteristics equation for this
type of differential equation is

PE42D+2T 1 XXXXXXXXXXXXXXXXXXXXXXXDOMDMp

The roots of equation 1.15 are

| ) -t
DuDip g5\Ef T
| . T,
- PRy
By assuming® . .=R-.and 5. .= V\lS  LC

Here ¥ .- may be positive,negative or zero .
f’E.'“\: 1
tE‘ > ==

Case | -f¥a fx Fusilive \op)

Then , the roots are Real and Unequal and give an over damped Response as shown in
figure 1.12.

The solution for the above equation s : i :C -, &8ty ¢ glife—iah
4
—l
0 t
Figure 1.12

Case Il K, {5 Negative k;' lL
4EAT h OEA O11 00 AOA #1ipPi Ao #1711 EOCAOAR AT A
figure 1.13.

i
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Figure 1.13

_ L gRar( 3 A o)
The solution for the above equation is : i =& = =1 08Kzt +C; sin Kt/

Case Ill Ky fs Zero (£]" = 1

4EAT h OEA O1I 1 6060 AOA wNOAI AT A

if

Figure 1.14

.

The solution for the above equation is : i : & (Cy + Cat)

Problem : 1.3

! OAOEAO 2z,z# AEOAOEO xEOE 2 E
applied at t=0 as shown in Fig. determine the transient current i .

R

100 V 5

Figure 1.15

Solution :

"U APPIUET C +EOAET ££50 O11 OACA

100=30i +0.05%= 4+ —— [1 41

~ P
a@x 10-=

Differentiating w.r.t. twe get

dt 1
0056 =8/dE" 120 @ + 2ex10-%j =0

CEOA AT #OEOEAAI I

¢mtm h , E mn8my

, Axh xA CAO

b (
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= =, @%fdrt 1400 + 10% =0
== 0%+ 200D 107 = 0

The roots of equation are

49 . [(400Y" &
09, Do s =\T) - 10°

_ o 22T 107
Bl:Zq MTNCEwX w8

L=zcnmnzEwyx w8y

j = 87%F[C) cogR; £+ CyeoeKat]

i = €730%[C) coa979.8¢ + C28ln 979.8¢] o

At t=0, the switch s is closed.

Since the inductor never allows sudden change in currents. AtZ= the current in the circuit
is zero. Therefore at t={—, i =0

= -.i=0=(1) [G cos @+ C; &in 0]
= CJ.: 0 and | :G-xc‘?[(;h Bin 979.8?] A
Differentiating w.r.t. twe get

di - r—
C; [™30079.8 coa979.8 ¢ + e~ 00 (—20Q)2in 979.8¢ ]

dt
At t=0, the voltage across the inductor is 100 V

=100 or &= 2000

—
-_

dt

At t=0, E: 2000= 03979.8 cozd

The current equation is
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i e~200%¢2,04ain 979.8¢) 4

ANALYSIS OF CIRCUITS USING LAPLACE
TRANSFORM TECHNIQUE

The Laplace transform is a powerful Analytical Technique that is widely used to study the
behavior of Linear,Lumped parameter circuits. Laplace Transform converts a time domain
function f(t) to a frequency domain function F(s) and also Inverse Laplace traformation
converts the frequency domain function F(s) back to a time domain function f(t).

L{ft)=F(s)=i-=% " f)dt 8888888888888888888888888 ,4 p

T - ——. A0 88888888888888888888888 , 4 ¢

5/ w9{thb{9 hC !b wn[ /Lw/i!L¢ 6[¢ aSiK2R0

Let us determine the solution i of the first order differential equation given by equation A which

EO &£ O OEA $# OAODPITOA 1T £ A 2z, #EOAOEO O1 AAO

t=C1~ and hence i=0 at t=97 in the circuit in figure A by the property of Inductance not allowing
the current to change as switch is closed at t=0.
X8 A
v
vT I i) a L
Figure LT 1.1

at
VERIAEEX XXX XX XXX XX XXX XXXXXXXXXPDP[ ¢ mMDmMm

Taking the Laplace Transform of bothe sides we get,

:=Rl(s)+L[sI(s)zl(0)] 888888888888 B14L&
=RI(s)+L[sI(s)] (1(0) =0 : zero initial current )

=1(s)[R +L s]
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-

wl

]
LY,

U=

== |(3) =

s[R=is)

888888888838 8BIKB3B 3
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Taking the Laplace Inverse Transform of both sides we get,

=2 L-1{|(S)}: .‘{;f“,\‘ = I~ 1{ }

:;E-'J'J

p-ip HE
¢ sLaiLs } 1* ( Dividing the numerator and denominator by L )

it) =
putting % = #¢Lwe get

1

vik ~ L-l{( (; {I-‘__?

i(t) = I
oL
‘{‘-1{;—(3_

)=
)

_t 4k

(S4RE}* B } (again putting back the value o %

i(t) =

iy N =Ae V-
pT QE FT) (where 1,=-)

it) = 1.

(SSRIEY "
=7, } ) (where t=Timeconstant="Q 888888888888888

It can be observed that solution for i(t) as obtained by Laplace Transform technique is same as
that obtained by standard differential method .

5/ w9{thb{9 hC !'b wn/ /Lw/!dLe¢o]dPtdaSiKzR0

Similarly ,

Let us determine the solution i of the first order differential equation given by equation A which is

A1 O OEA $# OAOPTITOA 1T &£ A 2z# #EOAOEO O1 AAO OEA
zero, 1~ =0 at t=C:—_and hencel =0 at t=C:— in the circuit in figure A by the property

of capacitance not allowing the voltage across it to change as switch is closed at t=0.
_OX | R
o WMy

(D)

[ =

Figure LT 1.2
V=Ri+2-_-d|‘!c’ilXXXXXXXXXXXXXXXXXXXX.
Taking the Laplace Transform of both sides we get,

E:Rl(s)%[% C) jmQ Y 88888888¢

; =R I(s) +—[ ’—' ] (1(0) =0 : zero initial charge

Ros+

=1(8)[R + — - 1=1(s )H ]

l

A C
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-- Cs Ve
= (s) =L [ EET] =BG 8 8888888888888, 4 p8Yy

Taking the Laplace Inverse Transform of both sides we

220 2 Ve
fEr =1 1{.'.:{&1_:..:';}

Ve
i(t) = E.'l{-rf%]-} ( Dividing the numerator and denominator by RC )
E R

putting < =__ we get
et S AL T
|(t)= - {C':""']) =g e

s =C i
i(t) = - €% ( putting back the value of

i(t) = 4,67 (where [,=.)888888888888¢
&

i(t)= 7. 5:%) (where t=Timeconstant= RC)

It can be observed that solution for i(t) as obtained by Laplace Transform technique in q is
same as that obtained by standard differential method in d.

5/ w9{thb{9 hC !'b wn[mn/ /[/Lw/|L¢ 6 [dPtd aSiK2RI

¥l L
-~ - S
i ()= - C
Figure LT 1.3
Similarly |

Let us determine the solution i of the first order differential equation given by equation A which is
£l O OEA s$# OAOPITOA T &£ A 2z,z# #EOAOEO O1 AAO OE/
OEnN8AO OEnzhE8A8 E OOthe cérrdnth elindicioriis@éid. SincetieAndubter E OA E
does not allow sudden changes in currents, at t=0+ just after the switch is closed,the current remains

zero. also the voltage across capacitor is zero i1~ =0 at t=C:— and hencel” =0

w

at t= U7 in the circuit in figure by the property of capacitance not allowing the voltage across it
1. to suddenly change as switch is closed at t=0.

;
L

V =Ri+ |dr

[1dt
'&88888888888888,4 p8w

Iﬁ

1
+7

Taking the Laplace Transform of both sides we get,
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——RI(S)++L[SI(s)zI(O)]+l[:"5 C) jmQq Y 8888888888888¢

: —R I(s) +L.[= 1{=)] + [ -] (€0} = Q:zero initial current & 1(0) =0 : zero initial

charge )

=> I =9[R +Hs+ 2] = (o) FEZEE

_ ; [ cs _ Ve
==1(s) = 7 i v T 88888888888888,4 p8pp

Taking the Laplace Inverse Transform of both sides we get,

=> IO} = 10 = M)

¥e
i(t)= L ‘{ o } ( Dividing the numerator and denominator by LC )
Fraire
ity = L~ [5_5;__,__];
ol
putting < :% and m =.'LC we gel
- ‘\.'L

-
=2l en -t

Tk

fr— A
=Lty Xt = =

where, s; , 55

where, ::i o

f— -~
= andl =E==—cw-
2L N &

ﬂl"l

By partial Fraction expansion , ¢ I(s),

-3
S
I(s) iy

'-5; 5'_,-' &y 5:'
.
_ T i 1 4
8) = e (o5 (sl

Taking the Inverse Laplace Transform
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= ey e
equation.
Now depending upon the valuesof . and_ . _ , we have three cases of the response.

#13% ) d 7EAT OEA Oi100 AOA 2AAT AT A 571 ANOAI h

or . R - In this case, the solution is given by

i()=._ (& e 4eF'Q 88888888888888,4 p8pc

u)

or i(t)=_ _ &%F e
#13% )) d 7EAT OEA Oi 1060 AOA 2AA1T AT A %NOAI h I
g fr
z :'\E or I —; In this case, the solution is given by
or
i()=6"""_ _ &t ) fort ..M 88888888888888,4 p8po
#13% ))) d 7EAT OEA 01100 AOA #1 1Dl Ag #1171 EOCA(
— < \E or ==« ;Inthis case, the solution is given b

i(t) = 4; &% 6%  fort = O

|
Y
”
H
-
o
i
I
5

Where, Sy Fg =

Let vor—w® =\=I40F =&¢ =] ws where j=-1 andws 4@* —x*
Hence , i(t) =e=%2(4, e/¥d o gm/wdr )

i(t) =~ [;;&1 +A5) EM%. ¥A, — Ag) %ﬂ}]

3 2
i(t) =8~ [(& + &;)coswgt +1 (% — &) sinw,t ]

i(t) =6~ (B, coswgat +Bosinwat) 88888888888888

Hl!IHHHHHHHHHHH”HIHHHHHHHIHHHHIHHHHHlHHXXXXXXXXXXXXXXXXXl!HHHilliln!"!HHHl”lHHIHH
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TWO PORT NETWORKS

Generally, any network may be represented schematically by a rectangular box. A network may be
used for representing either Source or Load , or for a variety of purposes. A pair of terminals at
which a signal may enter or leave a network is called a popbrt is defined as any pair of terminals
into which energy is withdrawn ,or where the network variables may be measured .One such

ySig2N] KFr@Ay3d 2yite 2yS LIANI 2F GSNNAYIEE O6MmTMQU

Network

1 f
1 Il IZ +
+o——> 1aa be | =*— 39

Iul?’“'-lty1 v, g:ﬂtput

BN SV RN
Figure 1.1
| Ge2mLR NI ySGs2Nl Aa aAvYLX® F ySGe2Ny + ySis2

pairs of accessible terminals; usually one one pairs represents the input and the other represents the
output. Such a building block is very common in elgdtr@ystems, communication system,

OGN yavyiaairzy FyR RAAGNAOdziAZY &d2aitSYod FTA3I modwm
YSUG2N] ZAY S6KAOK GKS F2dzNJ SN¥YAyYylLfa KIFEgS 0SSy
together constitute a port. Sirhil NI 8 2 G0 KS GSN¥YAylFfa HwmuQ O2yaidaid
containing no sources in their branches are called passive ports ; among them are power
transmission lines and transformers. Two ports containing source in their branches are called active
ports. A voltage and current assigned to each of the two ports. The voltage and current at the input
terminals are!iand . : where as!™- and ? - are entering into the network art, ¥~and -, 7 -.

Two of these are dependent variable, the other two are indepeniade. The number of possible
combinations generated by four variable, taken two at time, is six. Thus, there are six possible sets of
Sljdzr tA2yad RSAONROGAY3IA | (o2nLIR NI ySisé2N]

OPEN CIRCUIT IMPEDANCE (Z) PARAMETERS

I ASYSNIf fAYSENI 62nTLRNI ySGg2N] Aad aK2g6y oS

¢KS T LINFYSGSNER 2F | Go2nLl2 NI ySGg2N] F2N (K
defined by expressing the port voltagi’sand - in terms of the current<-: and./ -. Herel: and.
V-~ are two dependent variables ar’J: and 7 - are two independent variables.
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Il Iz
Input Vv y Output
port 1 2 port
. - 1' ) _.a}. bi‘ :2’
Figure 1.2

¢KS @2ft01r3S 4 LR2NI wmnvmQ Aa WK&dMNBalLRyaS LINER

thus
M=l T30l X X XXX XXXXXXXXXXXXXD MPM

Va=Zoah #2220 X XXX XXX XXX XXXXXXXXXXXDPDP MODH

Zi1:&12, 221 and 22z are the network functions, and are called impedance(Z) parameters, and
are defined by equations 1.1 and 1.2 .

These parameters also can be represented by Matrices .

We may write the matrix equation [V] = [Z][I]
5
where V is the column matrix =2 ]

. , 213
Zis a square matrix &= 3]
731 %32

I
and we may write!*| in the column matrix = = ‘:2]
& &1y 21y L
Fa1— [",. 7o) 3
Thus, [F2 ]= %21 =127 [ 2]

The individual Z parameters for a given network can be defined by setting each of the port
OdzZNNByiGa Sldzrf G2 TSNP AdzlII23805 LR2NI HmHQ Aa

T
o

Thus 211 = &l =10

where
244 1sthe driving point impedance at port 1 — 1'with port 2 -
2'open circuited. It iz called the open circuit input impedance.

similarly,

_ 5
o1- gl =0

where
Z;4 13 the transfer impedanceat port 1 — 1'withport2 -
2'open circuited. It iz called the open circuit forward transfer impedance

{
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{dzlJL2aS LR NI mMnmQ Ma=0f ST 2LSy OANDdAGSRE G(KS
2l =0

Thus, %12 = &1

where

Zq7 dzthe transfer impedanceatport 2 - 2" withport 1 -
1‘open circuited. It iz called the open circuit reverse transfer impedance

similarly,

Z:: = :f fl =0

where

Z;; iz the open circuitdriving point impedance at port 2 — 2'with port 1 —
1'open circuited. It iz also called the open circuit output impedance
®¢KS SldaA @t Syid OANDdzAG 2F GKS (g2nLlR NI ySig2]
circuit impedance parameters as shown below in fig 1.3.

— e .
1 - z"*
T Z1t Zy T
V1 V!
l Ziz b : Ity l o
1 x
Eie 40 3
Figure 1.3

If the network under study is reciprocal or bilateral, then in accordance with the reciprocity principle

2 Lh=0 = 2 L=0
i o

or

= &

It is observed that all the parameters have the dimensions of impedance. Moreover, individual
parameters are specified only when the current in one of the ports is zero. This corresponds to one
of the ports being open circuited from which the Z parametds® derive the name open circuit
impedance parameters.

Problem 1.1
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Find the Z parameters for the circuit shown in Figure 1.4

: . . -
L — T e e S TR s

Figure 1.4
Solution The circuit in the problem is a T network. From Egs 16.1 and 16.2 we have

and

2 KSy LIB2NI o6moQ Aa 2LISYy OANDdzA GSR:

Where

Where

2 KSy LIRNI FnkQ #0a 2LSy OANDdAGSRE

where )
)
where and
It can be observed that , SO the network is a bilateral network which satisfies the

principle of reciprocity.

{lhwe¢n/ Lw/ }L¢ '"5aL¢¢!b/9 o6,0 t!

5

w !

aoc
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