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1. INTRODUCTION

We have known that “a network is the interconnection of
two or more simple devices” and “a circuit is a network which
contains at least one closed path” Thus, every circuit is a
network but not all networks are circuits. In electric circuit
analysis, it is important to be known the concepts and
conventions, the unit and quantities used in circuit analysis,
used in introductory circuit analysis. Several practical
examples to be illustrated these concepts. [1]

Now in this paper, firstly the conventions required for
this paper and the basic concepts, electric current, ampere,
voltage (potential difference), power, and sources of energy,
i.e., ideal independent sources and dependent sources, active
and passive devices, circuits and networks, active and passive
networks are introduced. Secondly, international system of
units, necessary conditions for current flow will be
interpreted. Then, Ohm’s law, the definitions of Nodes,
Branches, Loops and Meshes will be illustrated.

2. Basic Concepts of Electric current,
Ampere, Voltage, Power, Ideal Independent
Sources and Dependent Sources, Active and
Passive Devices, Circuits and Networks,
Active and Passive Networks

2.1 Conventions

In this paper, the coulomb, the instantaneous values of
voltage, current and power are represented by g, v, i and p
respectively. Subscripts will be used to denote specific
voltages, currents, resistances, etc. For example, va or vi will
represent the voltage(potential difference) between point A or
point 1 with respect to some arbitrarily chosen reference point
taken as “zero” volts or “ground”.

2.2 The Coulomb

The coulomb, abbreviated as C, is the fundamental unit of
electric charge. In terms of this unit, the charge of an electron
is - 1.6 ® 10~**C. We have also known that one negative
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coulomb is equal to 6.24x 10*% electrons.

2.3 Electric Current and Ampere
Electric current, i, at a specified point and flowing in a
specified direction is defined as the instantaneous rate at
which net positive charge is moving past this point in that
specified direction.
In symbol, . .
R _IT — |+ _IT
PT e T attbar
The unit of current is the ampere abbreviated as A and
corresponds to charge g moving at the rate of one coulomb
per second. In other words,
1 coulomb

1 ampeare =
( 1 pecond

2.4 Voltage (Potential Difference)

The voltage (potential difference) across a two-terminal
device is defined as the work required to move a positive
charge of one coulomb from one terminal of the device to the
other terminal.

. __ljoule
1volt = 1 coulomb’
2.5 Ideal Independent Sources and

Dependent Sources

Ideal Independent Voltage Source may maintain same
voltage regardless of the amount of current that flows through
it. Its value is either constant (DC) or sinusoidal (AC).

Ideal Independent Current Source may maintain same
current regardless of the voltage that appears across its
terminals. Its value is either constant (DC) or sinusoidal (AC).

Dependent Voltage Source —Its value depends on
another voltage or current elsewhere in the circuit. Here, ki is
a constant and kz is a resistance as defined in linear devices
below. When denoted as kiv it is referred to as voltage
controlled voltage source, and when denoted as kai it is
referred to as current controlled voltage source.

Dependent Current Source —Its value depends on
another current or voltage elsewhere in the circuit. Here, ks is
a constant and ks is a conductance as defined in linear devices
below. When denoted as ksi it is referred to as current
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controlled current source and when denoted as ksv it is
referred to as voltage controlled current source.

2.6 Circuits and Networks

A network is the interconnection of two or more
simple devices.

A circuit is a network which contains at least one
closed path. Thus every circuit is a network but not all
networks are circuits.

3. Necessary Conditions for Current flow

3.1 Necessary Conditions for Current Flow
There are two conditions which are necessary to set up

and maintain a flow of current in a network or circuit.

These are:

(@) There must be a voltage source (potential
difference) present to provide the electrical work
which will force current to flow.

(b) The circuit must be closed.

3.2 Ohm’s Law

Ohm’s law states that the wvoltage or potential
difference between two points is directly proportional to the
current or electricity passing through the resistance, while the
current or electricity passing through the resistance is
inversely proportional to the resistance of the circuit. The
formula for Ohm’s law is ¥g = igft.

This relationship between current and voltage was
discovered by German scientist Georg Simon Ohm.

3.3 Node of Electric Circuit

The point through which an electric circuit element is
connected to the circuit is called node. It is better to say, node
is a point where, terminal of two or more circuit elements are
connected together. Node is a junction point in the circuit.

3.4 Loops in Electric Circuit

An electric circuit has numbers of nodes. If one starts
from one node and after going through a set of nodes returns
to same starting node without crossing any of the intermediate
node twice, i.e., loop is any closed path in the circuit formed
by branches.

3.5 Mesh in Electric Circuit

A mesh is a closed path in a circuit with no other paths
inside it. In other words, a match is a loop with no other loops
inside it.

4. Kirchhoff’s Law

In this section, Kirchhoff’s laws may be obtained by the
applications of Mathematical Theorems and laws. Moreover,
the laws concerned with Physics and Chemistry, i.e. Ohm’s
law and Faraday’s law may also be applied.

4.1Kirchhoff’s Current Law (KCL)
Kirchhoff’s Current Law states that “The algebraic
sum of currents in a network of conductors meeting at a point
is zero.”
Proof:
Kirchhoff’s Current Law is obtained by being used of
divergence theorem, Gauss’s law, ampere law and Clairaut’s
Theorem.
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We now consider a point in a network of conductors
with N number of wires emanating from it. Enclose the node
with some open bounded nonempty region,{l € R¥, with
boundary S. We denoted by Sk the intersection of the k™ wire
and the surface S.

It an electric current is applied in this circuit. Then,
electric current density (J) is derived with an application of
divergence theorem is used to be solved both volume and
surface integral

i, v.jav =1, j.#as ()

Left hand side of Equation (1) is expressed for volume
of current inside the network and it is derived by volume
integral but at one node, it is consider only for current area, so
surface integral is used. Now, the surface integral contains
two portions, one is for the surface integral for the number of
k wires in the considered domain and the last is considered
outside this domain. Thus, Equation (1) may be written as

M, v.jav=%¥_. (. J.7dS+ ﬂs-.(ugnskj: j.ids (2)

The second term in the left hand side is zero because
the current density J outside the domain is zero. Thus,
equation (2) becomes

My v.jav=ZE,[I; J.7d5(@)
Left-hand side of Equation (3) is the total sum of current in
this domain. Because ffs J.71d5 is the dot product of

density of the current flow J and the volume ffs nd5 and

the currents flowing in each wire for k= 1,2.3. ... N is

obtained and then, their current sum may be obtained by
Equation (4)

My v.jav =X 5@
where, the current igis signed, with negative current
indicating that the current is going inside the point.
_IIE-. V.J dV may be started with Ampere’s law, it is a
relation between electric field and magnetic field. Then

vxE=u(cS+]) 6

Zy1=vxHp)
where D, the flux of electric field density, is equal to £ E and
H, the flux of magnetic field, and it is equal to % .

Being applied the gradient operator on both sides of
equation (6), we get

a —f
v+ V) =V.(Vx H) @)
We have V. {"F‘ * E} = [, equation (7) becomes
an an
VS V] =0=TV]= -V

Since the intersection of the k™ wire and the surface S
is considered, Clairaut’s Theorem is applied to switch the
order of derivatives, right side of Equation (8) may be written
as

an g =
V.o =;{‘?-D} ©)

From Equations (9), the divergence of electric flux
may give the charge density,2 and this phenomenon is known
by Gauss’s law. Equation (8) may be written as
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2 = dp = 4 R
?.j:-;{?.ﬂ}:—;(m) § Edf=3F ¢ EdF (9
Being taken integrating over the region Q, we get where, £} denotes the segment of the curve C between the
[, v.gav = [, —%dt’(ll) point 1 _; and 1.

. ap . We have the definition
If the charge density p and —- are considered a4 .
o §. E.dF =1, (6)

. . d . .
continuous function, 2, can be taken outside the integral, then where, V% is the voltage between the points 11z _ and 7.

equation (11) may be written asd By being used equations (4), (5) and (6), we get
Wy v.jav=——1l pav.12) T =— M, 5 .Ads()
JIE-, V.JdV is the integrand of the If the magnetic field density is constant with respect
product of charge density and its volume so we get the total to time, th:;.'
charge Q(t) is enclosed in the region {1 at time t, = 0 (8
J’_ﬂz-, pdV = Q{r] .(13) Thus equation (7) becomes
- Ei{:i =00
Thus, equation (12) becomes The last equation shows that Kirchhoff’s Voltage Law is
d satisfied.
My v.jav = - Qls). (14)
If the charge Q(t) is conserved, ie., Q(t) =@, 4.3 Applications of Kirchhoff’s Laws
where @ is a constant with respect to t, then g o) = 0. Problem (1)W¢_e gon5|der an analysis of a circuit to
) dr solve a problem containing dependent sources shown in the
The above equation becomes following circuit diagram.
[y v.jdv =0.(15) . )
a
Then, right hand side of equation (4) becomes ' WA ’
¥, iy =0.(16) iy
k=1tk ' .\
Equation (16) satisfies the Kirchhoff’s current Law. S0 v,320 51y
.
4.2 Kirchhoff’s Voltage Law (KVL)
Kirchhoff’s Voltage Law states that “The algebraic Figure (1)
sum of all the voltages around any closed path in a circuit is Solution
zero.” Ohm’s law and Kirchhoff’s Laws are applied to find
Proof: .

Kirchhoff’s voltage Law is obtained by being used of
Faraday’s Law and Stokes’ theorem.
Kirchhoff’s voltage Law is applied DC stationary a 50 b

circuits, with magnetic field density constant with respect
to time. If a closed electrical circuit with along a path C is s ¢ io
considered and S is assumed any surface with the bounda -
C Y i 500V v,3200 5
Faraday’s Law is defined as
VxE = —E ) ¢
By being integrated the above equation on the surface ) Figure (2) )
S, equation (1) becomes Let io be the current flowing on the 20 resistor.
Y a 3F . By being applied Ohm’s law,
[, (WxE).hds =— [[. =AdS () Vo= io 20 (1)
Left hand side of equation (2) is applied to Stokes’
theorem, then B B a 2/&, b
[l (vxE).Aas =4. E.d7(3) o
So, right hand sides of equation (2) and equation (3) 500V v §2o ) 5i,
becomes equal.
4 4 a5 .
§ E.af=—[f; 5 .fdS@) :
Since the electrical circuit is closed, (ny J&_, with Figure (3)
My = My be any ordered points, for any parameterization KCL will provide us with one equation relating io
7:la.b] = C, with v(#,) = ng, we have £ < 5., for and ia namely.
k is from zero to N-1. At Node b
Thus, #(ty = @) =rlty = b) = ny = ny, int5iy—ip=0—=6iy—ip=0 (2
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Only the loop abca shown in Figure (6) may be
applied KVL because this loop does not contain a current
source and the other two loops contain a current source, SO
KVL may not be applied to those loops.

By being applied KVL to the loop abca, we get,

—500 + 5i, + 20i, = 0 — 5i, + 20i, = 500 (3)

By being solved equations (2) and (3), we obtain

ip= 244 = vy = 4830V andi, = 44.

(https://www.toppr.com )(REFERENCE-8)

5. Conclusion

In my conclusion, to be proved Kirchhoff’s Laws, we
must know not only the Mathematical concepts, i.e., Gauss
Law and Divergence Theorem but also the laws concerned
with Physics, i.e., Faraday’s Law and Ohm’s Law. Moreover,
to be solved the Electrical Engineering problems with
Kirchhoff’'s Laws , the essential concepts, loops in electric
circuits, node of electric circuit, etc., may be known. So all of
these concepts must be known to solve an Electrical
Engineering problems with the applications of Kirchhoff’s
Laws.
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