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Abstract

Here we describe a general technique detecting structural features in large scale network data that
works by dividing the nodes of network, by making use of few fundamental laws of networks and
graph theory. We give the examples demonstrating how the system of equations can be solved by
making use of graph theory. Also to write the tie-set matrix and obtain the network equilibrium
equation in matrix forms using KVL. Calculating the loop current and then calculating branch voltage
is also discussed with an example.
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Introduction:

An electrical network is an interconnection of electrical network elements such as resistance,
capacitances, inductances, voltage and current source. The closeness of the link between
network analysis and graph theory is widely recognized, but the nature of the link is seldom
discussed. Graph theory, like all other branches of mathematics, consists of a set of
interconnected tautologies. Each network is associated with two variables, the voltage
variable and current variable. Networks are widely used in the biological, physical and social
representation of topology of systems of interacting components. The network analysis is a
method to analyze, control the process and work flow.

Analysis of networks

The object is to set up a system of equations from which the independent loop currents can
be determined.ie. Once this set of current is known, the currents in all the branches can be
calculated, for this we have to assign arbitrarily, to each of the branches of positive direction
for current flow. The direction assigned to each branch of cotree determines a positive sense
of current circulation for the corresponding loop. We number the loops from 1 to | and
branches from 1 to b and define matrix B of order I*b having elements by as

brk = +1, if the positive sense of current flows in branch k coincides with that of loop h.

= -1, if the positive sense of current flows in branch k coincides with that of loop h.

=0, if branch k is not associated with loop h.

The matrix B is known as the tie-set matrix. Row h of B contains non-zero entries only in
places whose column numbers corresponds to branches forming part of loop h. Row h will
tell us exactly which branches form loop h.

Kirchhoff’s Voltage Law (KVL): Kirchhoff’s voltage law states that if Vi is the potential
drop in the K" branch, then ZVk =0.

For the loop h is

Set of | equations can be written in the matrix form

~g~
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Where V, = (V;,V,,......V, ) and B is the fundamental
circuit matrix.

V, =Z,i, —V Where Vis the branch input voltage
source?

I, : The current

Z, The impedance of k™ branch.

A z, 0 .. 0 Vg
[
v, 0 Z, . 0 ' Ve,
i
=0 ... Z, 0. 2 -
1
vy |0 0 .. Z, | | Ve

The matrix [Zb] is diagonal.

If the circuit contains inductances so that is coupling
between branches this matrix is no long we diagonal.

If Z,, is the self-impedance of branch K, and Z,, =Z,,
is the mutual impedance of branches h and K then,
b
Vi =2 Z iy —Vg s (kK=12,..b)
=1
Vi Zy Iy Zyy l sl
Va Zyn Iy Zyp I Vsa
_Vb_ Ry Ly YA
This must be written as
Vo] =2 J01] ~f e @

Impedance matrix [Zb] is symmetric.
From (1) we get
[B][Vb]=[8]=[B][Zb][Ib] -[B][V.]

Let the loop current vector |, be written as

=M 0 e T

The current flowing through a branch common to two loops
is either the sum or the difference of the two loop currents
(with sign convention)

k —th Branch current is
o=by I, +by 1, +... +b, I, (k=123...b)
b

This set of = equations can be rewritten in matrix form as,
[1,] =87 [1,] @

I, : Loop current vector

B' : Transpose of B
The branch current vector

NS A
Let E,,E, ,E;.......E, be the loop e.m f.

Then
b

E, =D buVy ;(h=123..0)
k=1

In the matrix form

From (2), (4) and (5)
[E]=[B][z,][B] " [1 ] ©)

[B] [Zb] [B] Tis a square matrix of order | x| . Denoting
thisZ ,

[E] =[2] [1] o @)

[Z] is clearly a symmetric matrix
Since Z,, =2,

It is known as loop impedance matrix.
Equation (7) is Kirchhoft’s Voltage Law (KVL)

Kirchhoff’s Current Law: Here we discuss the KCL
equation of the network having only current source as
input.

KCL states that if, i, is the current in the k™ branch, at
given node

i, =0

b
> ahki, =0 ; h=123...nemmeee- @)
k=1

Set of, N equations can be written in matrix form
Al =0 e @) 1, =iy ipedy ] T
A, 1s complete incidence matrix

Al, =0 (4)

Where Ais incidence matrix of order (n —1)>< b.
For f cutset matrix,

Qly =0———————————— ©)

If iy is the input current source and Y, the admittance of

the k™ branch, then

L =YV, -y ;k=12,..b————————— (6)
In matrix form
ly =YV =l —m == (7)

The matrix Y, is diagonal.
The circuit contains inductances so that there is coupling
between branches then Y, is no longer diagonal. is the

self-admittance of branch and Y., = Y, is the mutual

admittance of branches hand Kk .
The column of incidence matrix will give the branch
voltages in terms of node voltages.

V, =AV, —————— 8)

Same results holds for f — cut set matrix also.
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From (7) and (8) Network Equilibrium Equation
I, =Y.V, — I The graph of planar network is drawn by keeping all points
of intersection of two or more branches i.e. nodes, and
I, =Y, ATV, =, —————— (10) representing the network elements by lines, voltage and
From (4) current sources by then internal impedances. The internal
Al. =0 impedance of an ideal voltage source is zero and is to be
b replaced by short circuit, and that of an ideal current source
From (10) is infinite and hence to be replaced by an open circuit.
AlY, AV, —1.]=0 Example.
Draw the graph for the given circuit and indicate the
OrY =1-—m-o an number of all possible trees of the network.
The admittance matrix
Y=AY, A" ——————————— (12) is of order
Symmetric matrix and
I=Al,————————————— @3

Here equation (11) is KCL
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Fig. 2: Represents directed graph.
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Fig. 3: Represents all possible trees.

Here

i) Current source | is replaced by open circuit.

i) Voltage source V is replaced by short circuit.

iii) All other lines containing linear elements will be
shown by lines in the graph.

The graph is shown in fig 2,.It has branches
b=7,nodes=4 therefore branches (twigs) will be
(n-)=(4-1)=3

and links, (b—n+1)=(7-4+1) =4

iv)

The complete incidence matrix is written as:

Nodes Branches

(ORGIOIOIOIONU!

-1 -1 0 1 O
1 1 -1 0 0 O O
o 0 1 -1 1 0 O
0O 0 0 0 -1 1

Aaz

The reduced incidence matrix is

-1 -1 0 1
A=|1 1 -1 0
0 0 1 -1
-1 1

-1 1

0 -1

[Al =1 o0

0 0

-1 0

1 0
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The number of all possible trees The tie-set matrix can be written as:
Loop
Branches
=det {[A] [A]T } current
12|34 ]|5]|6
5 -2 -1 L |1]o0]o[1[-1]o0
- _ 11 I2 0j1j0|0|1 |1
=det| -2 3 —1)=1 b Jo0lol1[-1]0]1
-1 -1 3

Now,the equilibrium equation in matrix form,from loop

The twenty one possible trees are shown in fig 3. current basis,using KVLis given by

To calculate loop current and branch voltage [B] [Zb] lBTJ [ln_] = [B] [Vs]_[B] [Zb] [Is]
For the following network
We will write the tie-set matrix and obtain the network

equilibrium equation in matrix form using KVL. Then will Where, VS = branch input voltage source sector

calculate the loop current and hence branch voltage. I, = branch input current source vector
Here,
1 00 1 -1 0
[B]l=101 0 0 1 -1
001 -1 0 1
1 0 0]
0O 1 O
, : 0 0 1
AN B —
A 10 ¢ 1 0 -1
(a): Network
B -1 1 0
10 -1 1]
10 0]
10 |
10 '
Z, = 20 I = :2
3
A <3 c 20
(b): Oriented graph with arbitrary direction L 0 20_
B 1 0
0 0
0 0
Vi=lol" = o
0 0
D
_0_ _0_
4 Therefore, [B] [Zb] [BT] [I L] = [B] [Vs]
6
A C 100 -20 -20 I, 0
(C):Atree —20 100 —20 |2 = 0
The oriented graph and one of the possible tree is shown in -20 -20 100 s 0
fig (b) and (c), respectively. AW A, 3 L
The tree is formed with the set of twigs {4, 5, and 6} and I, = X Ay = X Ay = Z on solving gives
the links are {1, 2, and 3}.
Number of branches = 6 | = i . = i l. = i
Number of nodes = 4 790" % 360" % 360

Number of links =3
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The branch current is given by

[Ib]:lBTJ[IL]

The branch voltages are

Vol=[2z,] [1,] - v.]
[Vb]:[zb] [BTJ[IL]_[Vs]

_vl_ [10 0
v, 10
Vi | 10
v, | 20
A 20
| Ve | | 0 20
1 0 O0]- . 5 [1]
1
0 1 20 0
0 0 1 1 0
1 0 -1//360| |0
11 oL o
0 -1 1] 360 10]
On calculation it gives
A =_?8V,v2 =1—18V,v3 =1—18V,v4 =%V,v5 =%V,v6 =
Conclusion

In this paper we discussed analysis of networks, network
equilibrium to determine the centrality of particular nodes
and to detect community sub graph structure within the
network. Also, to obtain network equilibrium equation and
then calculate the loop current and branch voltage. This
concept can be used in analysing structure of network in
which the use of both graphical and statistical procedure is

used.
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