Incidence Matrix

An Incidence Matrix represents the graph of a given electric circuit or network. Hence, 1t is possible
to draw the graph of that same electric circuit or network from the incidence matrix. We know that graph
consists of a set of nodes and those are connected by some branches. So, the connecting of branches to a
node is called as incidence. Incidence matrix is represented with the letter A. It is also called as node to
branch incidence matrix or node incidence matrix.

If there are ‘n’ nodes and ‘b’ branches are present in a directed graph, then the incidence matrix
will have *n’ rows and ‘b’ columns. Here, rows and columns are corresponding to the nodes and branches
of a directed graph. Hence, the order of incidence matrix will be n x b.

The elements of incidence matrix will be having one of these three values, +1, -1 and 0.
e If the branch current is leaving from a selected node, then the value of the element will be +1.
e If the branch current is entering towards a selected node, then the value of the element will be -1.
s If the branch current neither enters at a selected node nor leaves from a selected node, then the
value of element will be 0.

Procedure to find Incidence Matrix

Follow these steps in order to find the incidence matrix of directed graph.
= Select a node at a time of the given directed graph and fill the values of the elements of incidence
matrix corresponding to that node in a row.
= Repeat the above step for all the nodes of the given directed graph.

Example
Consider the following directed graph.

The incidence matrix corresponding to the above directed graph will be
-1 1 0 -1 0 0
o -1 1 0 1 0
1 0 -1 0 0 1
0 0 0 1 -1 -1
The rows and columns of the above matrix represents the nodes and branches of given directed
graph. The order of this incidence matrix is 4 % 6. By observing the above incidence matrix, we can conclude

that the summation of column elements of incidence matrix is equal to zero. That means, a branch current
leaves from one node and enters at another single node only.

Note — If the given graph is an un-directed type, then convert it into a directed graph by representing the
arrows on each branch of it. We can consider the arbitrary direction of current flow in each branch.



Fundamental Loop Matrix

Fundamental loop or f-loop is a loop, which contains only one link and one or more twigs. So, the
number of f~loops will be equal to the number of links. Fundamental loop matrix is represented with letter
B. It is also called as fundamental circuit matrix and Tie-set matrix. This matrix gives the relation
between branch currents and link currents.

If there are “n’ nodes and b’ branches are present in a directed graph, then the number of links
present in a co-tree, which is corresponding to the selected tree of given graph will be b-n+1.

So, the fundamental loop matrix will have ‘b-n+1" rows and *b” columns. Here, rows and columns
are corresponding to the links of co-tree and branches of given graph. Hence, the order of fundamental loop
matrix will be (b-n+ 1) x b.

The elements of fundamental loop matrix will be having one of these three values, +1, -1 and 0.
e The value of element will be +1 for the link of selected f-loop.
¢ The value of elements will be 0 for the remaining links and twigs, which are not part of the
selected f-loop.
o [f the direction of twig current of selected f-loop is same as that of f-loop link current, then the
value of element will be +1.
e [ the direction of twig current of selected f-loop is opposite to that of f-loop link current, then the
value of element will be -1.
-
Procedure to find Fundamental Loop Matrix
Follow these steps in order to find the fundamental loop matrix of given directed graph.
« Select a tree of given directed graph.
« By including one link at a time, we will get one f-loop. Fill the values of elements corresponding
to this f-loop in a row of fundamental loop matrix.
« Repeat the above step for all links.



Example
Take a look at the following Tree of directed graph, which is considered for incidence matrix.

1 2 3

4

The above Tree contains three branches d. e & f. Hence, the branches a, b & ¢ will be the links of

the Co-Tree corresponding to the above Tree. By including one link at a time to the above Tree, we will get

one f-loop. So, there will be three f-loops, since there are three links. These three f-loops are shown in the
following figure.

f-loop 1 f-loop 2 f-loop 3

In the above figure, the branches, which are represented with colored lines form f-loops. We will
get the row wise element values of Tie-set matrix from each f-loop. So, the Tieset matrix of the above
considered Tree will be

The rows and columns of the above matrix represents the links and branches of given directed graph.
The order of this incidence matrix is 3 x 6.

The number of Fundamental loop matrices of a directed graph will be equal to the number of
Trees of that directed graph, because, every Tree will be having one Fundamental loop matrix.

Fundamental Cut-set Matrix

Fundamental cut set or f-cut set is the minimum number of branches that are removed from a graph
in such a way that the original graph will become two 1solated subgraphs. The f-cut set contains only one
twig and one or more links. So, the number of f-cut sets will be equal to the number of twigs.
Fundamental cut set matrix is represented with letter C. This matrix gives the relation between branch
voltages and twig voltages.

If there are ‘n” nodes and ‘b’ branches are present in a directed graph, then the number of twigs
present in a selected Tree of given graph will be n-1. So, the fundamental cut set matrix will have ‘n-1" rows
and ‘b”* columns. Here, rows and columns are corresponding to the twigs of selected tree and branches of
given graph. Hence, the order of fundamental cut set matrix will be (n-1) x b.

The elements of fundamental cut set matrix will be having one of these three values, +1, -1 and 0.

» The value of element will be +1 for the twig of selected f-cutset.

» The value of elements will be 0 for the remaining twigs and links, which are not part of the
selected f-cutset.

o If the direction of link current of selected f-cut set is same as that of f-cutset twig current, then the
value of element will be +1.

o [f the direction of link current of selected f-cut set i1s opposite to that of f-cutset twig current, then
the value of element will be -1.



Example
Consider the same directed graph, which we discussed in the section of incidence matrix. Select

the branches d, e & f of this directed graph as twigs. So, the remaining branches a, b & c¢ of this directed
graph will be the links.

The twigs d, e & [ are represented with solid lines and links a, b & ¢ are represented with dotted
lines in the following figure.

:fn.

By removing one twig and necessary links at a time, we will get one f-cut set. So, there will be three f-cut
sets, since there are three twigs. These three f-cut sets are shown in the following figure.
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We will be having three f-cut sets by removing a set of twig and links of C,, Crand C;. We will get
the row wise element values of fundamental cut set matrix from each f-cut set. So, the fundamental cut set
matrix of the above considered Tree will be

E: =F M@ FTE D
C=|0 -1 1 010
1 0 -1 0 01

e The value of element will be +1 for the twig of selected f-cutset.

* The value of elements will be 0 for the remaining twigs and links, which are not part of the
selected f-cutset.

o If the direction of link current of selected f-cut set is same as that of f-cutset twig current, then the
value of element will be +1.

o If the direction of link current of selected f-cut set 1s opposite to that of f-cutset twig current, then
the value of element will be -1.

The rows and columns of the above matrix represents the twigs and branches of given directed
graph. The order of this fundamental cut set matrix 1s 3 x 6.

The number of Fundamental cut set matrices of a directed graph will be equal to the number of
Trees of that directed graph. Because, every Tree will be having one Fundamental cut set matrix.

1.11 DUALITY AND DUAL NETWORKS

Duals: Two circuits are said to be dual of each other, if the mesh equations characterize one of them has
the same mathematical form as the nodal equations that characterize the other.

Principle of Duality: ldentical behavior patterns observed between voltages and currents between two
independent circuits illustrate the principle of duality.

Ex: 1) series R-L-C circuit:



Some dual elements:

1)
2)
3)
4)

Voltage (V) €= Current (I)
Resistor (R)€ - Conductance (G)
Inductor (1) € = Capacitor (C)
KVL €= KCL

5) 5) V() €->1(1)

6)
7)
8)
9)

Mesh € -2 nodal

Series € -2 parallel

Vsinwt € =2 lcosmt

Open circuit € -2 short circuit

10) Thevenin € -2 Norton

11) Link €= twig

12) Cut set € —> tie set

13) Tree €= co-tree

14) Switch in series (getting closed) € =2 switching in parallel (getting opened) etc.

Requirements for a network to be dual:

1.

Number of meshes in original network should be equal to number of nodes in dual network.

2. Current equation of the original network should be of the same form as the voltage equation of the

dual network.

Total Impedance of the original network should be equal to the total admittance of the dual
network.

Sources or elements common between two loops in the original network should be represented
common between two nodes in the dual network.

Magnitude of voltage sources in the original network should be same as that of the magnitude of
the current sources in the dual network.

Procedure to Obtain a Dual Network:

Steps for drawing the dual of a original network using graphical method:

P =

A

Identify the number of loops in the network.

Place a node inside each of the available loops and name them.

Place a reference node outside the network.

Draw a dotted line from each node to the reference node, through all the available branches of the
network.

No branch elements should be left and also one line should be drawn for one branch element.
Voltage rise in the original network should be represented with the current flow towards the node
in the dual network.

Voltage drop in the original network should be represented with the current flow away from the
node in the dual network.

For switches closed at t=0 in the original network should be represented as switches opened at t=0.
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