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INTRODUCTION

1.1 ELECTRIC CURRENT
The transfer of electrons constitute a flow of current in a conductor.

The electron has a charge of 1.602 x 10 ~ 19 coulomb and by convention
this charge is assumed to be negative.

As the electric current is rate of flow of positive charges, the positive
direction of electric current in a conductor is opposite to that of the flow
of electrons.

The flow of electric current in a conductor is thus,
dq

=

dt
where i : current (ampere)
q : charge (coulomb)

and ¢ :time (second)

The charge of an electron is 1.602 x 10~ 19 coulomb, hence, one

coulomb of charge contains 1/11.602 x 10 ~ 19 - 6.25 x 10'8 electrons. A
current of one ampere flows, if the movement of charge across the
cross-section of a conductor is at the rate of one coulomb per second.
The direction of the current is considered to be a flow of positive charge
and an arrow used to indicate the current flow.

The flow of electric current in a conductor is due to application of
the electrical voltage across, the conductor. The electrical voltage across
the conductor is termed as electromotive force and its unit is volt. The
pressure voltage (potential difference) across a conductor allows a flow
of current in it.

1.2 POTENTIAL DIFFERENCE

The potential difference between two points in an electric circuit is
given by the work done for transferring a unit positive charge from one
point to another. The unit of potential difference is volt. To have a
potential difference of one volt, the work done 1 joule is required to
transfer a unit positive charge from one point to another. The current
flows from higher potential to lower potential.
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The electromotive force (e.m.f.) is the potential difference between
terminals of the electrical energy source (battery/generator), when the
source is not delivering current.

The potential difference is expressed in terms of energy per unit

w
charge. Thus, =
8 Q
dw
or v="
q

W : Energy in joules
@ : Charge in coulombs
V. Voltage in volts.

1.3 ELECTRIC POWER AND ENERGY

POWER
Power is the rate at which the energy is consumed. Thus,
_dw
P=dt

The electrical power is the product of voltage and current as given
below,

_dw dgq
P=dq " dt
dw _ dq _.
dq—v anddt—z
p=vi

The power at any instant is given by the product of voltage and
current. For time-invariant voltage and current.

P=VI
The unit of power is watt.

When the power consumed is less than one watt the same is
expressed in fraction of watt i.e. milliwatt (mW), microwatt uW as in
electronic and communication networks. For electrical power circuits
the power is expressed in kilowatt kW and megawatt MW

1mW=10"3 watt
1uW = 106 watt
1kW=10° watt
1MW = 10° watt

Energy
Electrical Power p=vi
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_dw
P=a
dw _ Vi
dt
On integrating both sides
[dw=[vidt

.. Electrical energy
W=[viat
The unit of electrical energy is watt-secs. Thus joule = watt-sec.

For d.c. circuits
P=VI

V=IR
P=I°R

Also " I=

N RIS

P=

W=Pt=VIt watt—sec

or W=1% Rt watt—sec
2
or = % t watt—sec

For large energy consumption, the energy is expressed as
1kWh =10 watt-hour
1 MWh = 10% watt-hour

1.4 OHM'S LAW
The fundamental law in electrical engineering is Ohm’s law which
states:

“The electric current flowing in a conductor is directly proportional
to the voltage applied across its terminals.” i.e.

LoV

The constant of proportionality is E} . Therefore,

i—iv
" R.
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or i=VR
R is known as the resistance of the conductor through which the
current (i) is flowing due to the application of voltage (v) across it.

The resistance of a conductor offers opposition to the flow of current.
The unit of resistance is ohm (Q).

The reciprocal (11%] of the resistance is known as conductance G. The
unit of conductance i§ mho Q. In terms of conductance the Ohm’s law
is written as:

~.
1l

~.

or \%

Q- o

1.5 CIRCUIT ELEMENTS AND NETWORK

The voltage, source, current source and resistor (R), inductor (L),
capacitor (C) are the elements of an electrical network. The network is
termed as a circuit, if it has at least one closed path through its
elements. Thus, every circuit is a network but all networks may not be
a circuit as shown in Fig. 1.5.1 and 1.5.2.
AW\ ’ AW\ o AW * MW o

Ry Ry R Ry

VT R3 §R4 R3

L 4 e} L 4 O
Fig. 1.5.1: This network is a circuit. Fig. 1.5.2: This network is not a circuit.

The relationship of the current through an element to the voltage
across it classifies the element as follows:
1. The element across which the voltage is proportional to the
current through it, is called a resistor
v=R1i
and power p=Vi
2. The element across which the voltage is proportional to time
derivative of the current flowing through it, is called an

inductor
di
V=L g
and the energy stored in the inductor is
Ll
WL = D) Li

The unit of inductance L of the inductor is henry (H).
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3. The element across which the voltage is proportional to time
integral of the current through it, is called a capacitor.

1.
V—C idt

and the energy stored in the capacitor is
1., .9
w C = § Cv
The unit of capacitance C of the capacitor is farad (F).

The resistor, inductor and capacitor are two terminal elements.

1.6 KIRCHHOFF'S LAWS

The equation relating the voltages and currents in term of resis-
tance (R) of the resistor, inductance (L) of the inductor, capacitance (C)
of the capacitor are formulated on the basis of Kirchhoff’s laws as stated
below:

1. Kirchhoff’s Current Law (KCL)

“The algebraic sum of all currents at a node (junction) in an electric

circuit is zero at any instant”.

2. “Kirchhoff’s Voltage Law (KVL)

The algebraic sum of all voltages around a closed path in an electric
circuit is zero at any instant”.

An electrical network is formed by appropriate connection of circuit
elements. The elements are resistor, inductor and capacitor. These
elements are passive as they consume or store electrical energy. The
elements such as voltage and current sources are active elements i.e.
they supply electrical energy.

The analysis of an electrical network/circuit enables to determine
(@) the voltage (potential difference) across various elements
(i) the current flowing through various elements.

1.7 VOLTAGE DROP AND CURRENT THROUGH A RESISTOR,
INDUCTOR AND CAPACITOR
The voltage and current are usually functions of time denoted by
lower-case letters v and i respectively. The upper-case letters V and 7
refer to voltage and current which are time-invarianti.e. d.c. quantities
and also r.m.s. values in a.c. circuits.

The circuit elements symbols are shown in Fig. 1.7.1.

R L O_ﬁ_o
o—WW—o0 o————=o0
Resistor Inductor Capacitor

Fig. 1.7.1. Circuit element symbols.
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While formulating equations based on Kirchhoff’s voltage law, the
algebraic summation of the following terms is used:
. di 1.
Ri, L dt and C.[zdt

These terms represent voltage drops across resistor, inductor and
capacitor respectively.

Similarly, while formulating equations based on Kirchhoff’s cur-
rent law, the algebraic summation of the following terms is used:

v 1 dv
Roer,LfvdtandC dt

These terms represent current flowing through the resistor, induc-
tor and capacitor respectively.

1.8 SOURCES OF ELECTRICAL ENERGY

The electrical energy source wherein the voltage is completely
independent of the current delivered from it is known as independent
voltage source.

——>—0 ——>—o0
i I
v C) /p—
o) o)

(a) (b)
Fig. 1.8.1. Independent voltage source.

1. The Voltage Source: The generator type independent voltage
source which has a constant terminal voltage is shown in Fig. 1.8.1 (a).

If the source is a battery, the independent voltage source is repre-
sented as shown in Fig. 1.8.1 (b).

The v-i characteristic of an inde-
pendent voltage is shown in Fig. 1.8.2. The
voltage of the independent voltage source
is constant whatever may be the current T
drawn from it.

2. The Current Source: The energy
source wherein the current delivered is

completely independent of the voltage i— >
across it is known as independent current Fig. 1.8.2. v-i characteristic of
source. an independent voltage source.

The current source delivers current to
a network connected across it. The repre-
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sentation of an independent current source is shown in Fig. 1.8.3(a).

If the source supplies a direct current the representation is shown
in Fig. 1.8.3(b).

10 ® !

<< —>
<< —>

——0 ‘'——o0
(a) (b) v—>
Fig. 1.8.3. Independent current source. Fig.1.8.4 v-i characteristic of an

independent current source.

The v-i characteristic at the terminals of an independent current
source is shown in Fig. 1.8.4.

The current supplied by the independent current source is constant
whatever may be the voltage across it.

The sources of electrical energy described above are ideal sources
because the value of source quantity is not affected in any way be the
network configuration connected across its terminals. However, a prac-
tical energy source has an internal resistance associated with it.

3.Practical Voltage Source: In case of a practical voltage source,
its internal resistance R is connected in series, Fig. 1.8.5(a).

(a) (b)
Fig. 1.8.5. Practical voltage source.

The voltage vt at the terminals of a practical voltage source is
vi=vV—1IR
The voltage at the terminals of a practical voltage source falls with
the current drawn from the source, because the voltage drop (iR)

appears across the internal resistance (R). The v—i characteristic at the
terminals of a practical voltage source is shown in Fig. 1.8.5(b).

4. Practical Current Source: The practical current source has
an internal resistance (R), which is placed in parallel at its terminals
Fig. 1.8.6(a).
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(a)
Fig. 1.8.6 Practical current source
In case of a practical current source, a rise in the terminal voltage
(vt) increases the current (v#/R) in the internal resistance. Hence, the
load current (i) decreases as per equation given below:

vt
R

The v-i characteristic at the terminals of a current source is shown
in Fig. 1.8.6.(b).

The symbolic representation of a.c. voltage source and current
source is shown in Fig.1.8.7(a) and (b) respectively.

=i-

Z

v ICD z

(a) ®)
Fig. 1.8.7. A.C. energy sources

5.Dependent (controlled) sources: The sources described above
are:-

(i) Independent (Ideal)
(z1) Practical.

Another type of source is known as dependent or controlled source,
wherein the value of the source depends on the voltage or current at
some other location say x in the network connected across the terminals
of such a source, such sources are represented by a diamond shaped
symbol as shown in Fig. 1.8.8(a) and (b).

+

v(x) i(x)

(a) Dependent voltage source (b) Dependent current source.
Fig. 1.8.8. Dependent (controlled) sources.
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1.9 SOURCE TRANSFORMATION

For formulating network equation it is some times required to
convert a voltage/current source into an equivalent current/voltage
source. The two sources are said to be equivalent, if their effect is same.

The equivalence of voltage source and current source is derived
below:

R]

(@) (b)
Fig. 1.9.1 Source transformation.
As shown in Fig. 1.9.1(a), a practical voltage source v having
internal resistance R is connected across terminals a-b to a load resis-
tance R;. The current flowing through the load resistance R; is

v
"R+R;

If the voltage source is converted to a current source of value v/R
with a parallel internal resistance R, the circuit across terminals a-b is
obtained as shown in Fig. 1.9.1(5). The current flowing through the load
resistance R; is

i

p=y B
'"R"R+R g
. v
= R
or “"“R+R R
Hence, the voltage source and 2
current source shown in Fig. 1.9.1 (@ ®)
(@) and 1.9.1 (b) are equivalent. Fig. 1.9.2. Equivalence of
The symbolic equivalence repre- voltage-current source.

sentation is shown in Fig. 1.9.2.

The controlled voltage/current source can be transformed into an
equivalent current/voltage source. As the value of controlled source
depend on the controlling signals, these signals should not be altered
during the process of transfor-
mation.

y ’2 _ Source Equivalence :
vy = As shown in Fig. 1.9.3, two
B voltages vi and v2 are con-
() nected in series with additive

a,

polarity. The single source

Fig. 1.9.3 Voltages in series. equivalence is v = v1 + va
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a —oa The two current sources
i1and i2 are connected is
i) (D iy = <¢ i=i 4 parallel (Fig. 1.9.4), the
single source equivalence is
b p L=i1ti2
Fig. 1.9.4 Parallel current sources. The two Voltage sources

vi1 and vg are connected in
parallel and equivalence is shown in Fig. 1.9.5.

a ————0a

O ey O v-u

- - orv ="vg

b L ob
Fig. 1.9.5. Voltage sources in parallel (valid for v1 = v2).
It should be noted that parallel combination of two voltages is
possible only if, they have identical values i.e. vi = va.

The connection of two current sources in series is shown in Fig.
1.9.6., the equivalence is possible if they have identical values.

( : >—oa —————oOua
+ i9 + o
5] CD = <$>or ; : g
———ob ——ob
A (B)

Fig. 1.9.6. Series current sources (valid for i1 = k).

Redundant Elements

A resistor connected in
parallel with an ideal volt-

age source is shown in Fig. v +<> R = +<> v

1.9.7 (a).
As the voltage across b L ob
the terminals a-b is v, the (@) ®)

Fig. 1.9.7 Ideal voltage source in

resistor R is no longer : .
parallel with a resistor.

needed in calculation for the
network connected across the terminals a-b. Therefore, the resistor R
connected in parallel with the ideal voltage source can be neglected (i.e.
replaced by an open-circuit) from the rest of the network. The
equivalence is shown in Fig. 1.9.7(b).

A resistor connected in series with an ideal current source is shown
in Fig. 1.9.8. (a). This resistor is not affecting the current supplied by
the source, as such the same may be deleted (i.e. replaced by a short
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circuit) from the network connected across terminals a-b. The
equivalence is shown in Fig. 1.9.8(b).

a a

R

b b
Fig. 1.9.8. Ideal current source in series with a resistor.

1.10 SOURCE SHIFTING

The transformation of practical voltage source to current source
and vice-versa requires that a single resistor be in series with a voltage
source, and in parallel with a current source. The source shifting
technique is used so that the voltage source gets a series resistor or a
current source a parallel resistor.

The two examples given below explain the process of source shift-
ing.

1. The networks shown in Fig. 1.10.1 (@) and 1.10.1 (b) are
equivalent.

R1§ §32

b b

a) (b
Fig. 1.10.1 Voltage source shifting.

The voltage source v is shifted to two branches. In Fig. 1.10.1 (a),
The current through R; is

_ \% B V(R1+ R2)
" RiR2 'R "RiR2+R1RI+R2R;
Ri+Ry
In Fig. 1.10.1 (b), apply KCL at junction a

i-1,-12=0

Va V-Va V-Vg
R; Ro Ro

Solving above equation:

=0
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v = v(R1 + R2)R;
“"RiR2+R1R;+R2R;
;_Va

=R
V(R1+ R2)

'“RiR2+RiRi +Rs R

Thus, the current i in the resistance R; in Fig. 1.10.1(a) and

1.10.1(b) is same, the equivalence between network shown in Fig.
1.10.1(a) and 1.10.1(b) is established.

a
a ; §R1
R
» b
l b
R2 i §R2
c
(@) (®)

(b)

a)
Fig. 1.10.2 Shifting of a current source.

A current source i is connected to two resistors R1 and R2 as shown
in Fig. 1.10.2(a).

The current injected in R1 is i flowing from a to b, the same current
flows in R2 from b to c¢. Hence, the network shown in Fig. 1.10.2 (a) is
equivalent to network shown in Fig. 1.10.2 (b).

1.11 SOLVED EXAMPLES

Example: 1.11.1 Reduce
the network shown in Fig.
1.11.1. to a single voltage sour-
ces.

Solution: Convert 5V, 2V
and 8V voltage source in to
equivalent current source to get
Fig. 1.11.1 (a).

() Add 3 A and 4 A current
sources (parallel)

10V
Fig. 1.11.1 Network for example 1.11.1.
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5/2=2.5A

5

10V
Fig. 1.11.1.(a) Reduction of Fig. 1.11.1.

(z7) Add 2.5 A and 2 A current sources (parallel) to obtain Fig. 1.11.1
).

4-3=1A D §2x2=1 2x1_2
2+2 2+1 3

10V 5

+

Fig. 1.11.1(b) Reduction of Fig. 1.11.1(a).

Convert 1A and 4.5 A current source into respective equivalent
voltage source as shown in Fig. 1.11.1(c).

+
Ix1=1V C)

0V
_ +
Fig. 1.11.1(¢) Reduction of fig.1.11.1(b).
The equivalent voltage source for the network [Fig.1.11.1(c)] is
shown in Fig. 1.11.1 (d). Ans.
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2
5+1+3 20/3

AN Oa

10-1-3 =6v C)

+

ob
Fig. 1.11.1(d) Equivalent voltage source.

Example: 1.11.2. Obtain the current source equivalence between
terminals x-y for the circuit shown in Fig. 1.11.2.

A = —www
v S av 1
x —oOy
3V 3 2A

H—w— L

Fig. 1.11.2. Circuit for example 1.11.2.
Solution: (i) Convert the voltage sources into respective current
sources.

(i) As the resistor R is in series with the current source the same
is neglected i.e. replaced by a short circuit.

The circuit takes the form as shown in Fig. 1.11.2 (a)

12//_6<2A 4//1§4A
&/ N
——" " "VN—9 —— " VWN\——o
6 1
xo0—=e@ e—oy
3
—— NWNW——9
> ©,
3/3=1A 2A

Fig. 1.11.2(a) Reduction of the circuit shown in Fig. 1.11.2.

Add current sources in parallel to get Fig. 1.11.2(b)

2+ 1=3A 4 + 2=6A

() ()

> >

N N

x o—o —ey
AW AW
3x6 1
=2

3+6

Fig.1.11.2(b) Reduction of the circuit shown in Fig. 1.11.2(a).
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Convert the current sources into respective equivalent voltage
sources as shown in Fig. 1.11.2(c)
3 2=6V 6 x 1=6V
—_ + —_
v o—| F—AmA— | F—ww——oy
2 1
Fig.1.11.2(¢c) Reduction of circuit shown in Fig.1.11.2(b)

The equivalent circuit for Fig.1.11.2(c) is shown in Fig.1.11.2(d).

12/3=4A
6+6=12V x —o Y
- | +
o— F—mw—o
2+ 1=3
3
Fig. 1.11.2(d) Equivalence of Fig.1.11.2(e) Equivalent current source.

Fig. 1.11.2(c)

The equivalent current source is shown in Fig.1.11.2(e) Ans.

Example : 1.11.3. Obtain the single voltage source at terminals a-b
for the network shown in Fig. 1.11.3

Solution: Shift the 4 A current source Fig. 1.10.3 (a)

a

4A 4A 4A
Fig.1.11.3 Network for example Fig.1.11.3(a) Shifting of A current source.
1.11.3.

Transform the current sources into equivalent voltage sources as
shown in Fig. 1.11.3.(b).

Rearrange circuit shown in Fig. 1.11.3 (b) as shown below in Fig.
1.11.3(c).

Transform voltage sources into respective equivalent current sour-
ces Fig. 1.11.3(d)

Add current sources in parallel
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a

+
4x4=16

2 4x2=8V
Fig.1.11.3 (b) Current sources transformed to voltage sources.

a
Py

3+2=5 4 6+4=10
+ _ —
8V 2v 16V
- + +
b
Fig.1.11.3 (¢) Rearrangement of Fig.1.11.3 (b)
Py @ Aa P
5 1
8 2 16
»® i o

- - b

51 4
1 1 1 1
R_5+1+4_1.45
1
s R= 145° 0.689Q
The equivalent current source is shown in Fig. 1.11.3 (e)
a
44A D 0.689

Fig.1.11.3(e) Current equivalent source.
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The single voltage source network is shown in Fig. 1.11.3 ()

AN\~ Ooa
0.689
4.4x0.689=3.03V C)
+
0b
Fig.1.11.3(f) Single voltage source equivalence. Ans.

Example: 1.11.4. Determine the equivalent current source for the
network shown below.

2
“WA—e

N 2 2
10V —=— (f 54
— 5V
T+
° ob

Fig.1.11.4 Network for example 1.11.4.

oa

NO) ?

Solution: Transform,
(@) 10 V voltage source into equivalent current source.
(it) 4 A current source into equivalent voltage source.

The transformed network is shown in Fig. 1.11.4(a)

4x1 =4V

,{.{. a

Dsa D 54 2

— 5V

. . T*' 0 b
Fig.1.11.4(a) Transformation of 10 V and 4 A source.

Add parallel current sources as shown in Fig.1.11.4(b)

2x2 2
5+5=10A D 5s! é
5V

+T
o b

Fig. 1.11.4(b) Addition of current sources.

Convert 10 A current source into equivalent voltages source as
shown in Fig. 1.11.4(c)
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iy

av 1

+
10 x 1=10V ——

5V

1S ob
Fig. 1.11.4(c) 10 Acurrent source converted to equivalent voltage source.

Rearrange network as shown in Fig. 1.11.4(d)

a
1+1=2 % %
2
+
10+4=14V "5V
I+
b
Fig. 1.11.4(d) Rearrangement of Fig.1.11.4(c)

Convert voltage sources into respective equivalent current sources
as shown in Fig. 1.11.4(e)

Py PY oa

& o ob
Fig. 1.11.4(e) Voltage sources converted to current sources.

On adding the current sources the equivalent network is shown in
Fig. 1.11.4(p.

7-25=45A D

Fig.1.11.4(f) Equivalent current source. Ans.
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PROBLEMS
1.1. For the network shown below determine the single voltage
source equivalent between terminals a-b.

Fig. 1P-1
(Ans. 3.2V, 0.8Q)

1.2. Determine single cur-
rent source equivalent between
terminals a-b of the network
given :

(Ans. 3A, 1.25Q)

Fig. 1P-2

1.3. Use source transformation to obtain current source equivalent
at a-b in the network given below:

Fig. 1P-3

(Ans. 3.5 A, 2Q)

1.4. Determine Vg and Req between terminals a-b for the network
given below.

(Ans. 20V, 8/3Q)
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7.5A
‘—)‘
N4
5 0V 10/3A
a 0——/\/\/\/\F—_| }+—>—@—0 b
—AWN——9
3
10V
+] - 4
| I ANV
Fig. 1P-4

1.5. Show that for the circuit shown below the equivalence is
Vap =15.06V, Rgp =2.311Q

2 3
+ +
8V 2%
o ob
Fig. 1P-5
1.6. Determine the current source equivalence at a-b
(<
2A
— " WA—— AW —— ANMN—
4 2.5 a 3
16V _— % 4 —_ 12V
- b
Fig. 1P-6

(Ans. 4.66 A, 1.8Q)

1.7.For the network shown below obtain voltage source equivalence
ata-b.

(Ans. 3.05V, 5.295Q)
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L

. T . b

Iapy?
1

3
3A(A 2
6v
4
° ¢ ® ”—r\/\/\/\,—ob

Fig. 1P-7.

1.8. Apply source transformation method to determine the current
through 9 Q resistor connected across the terminals a-b in the network
shown below.

6v 3

4v

Fig. 1P-8.
(Ans. 1 A flowing from b to a )



