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Graph Theory - GATE Study Material in 

PDF 
In these free GATE 2018 Notes, we introduce a new topic – Graph Theory. In this 

article, entitled ‘Graph Theory’ we study graphs, which are mathematical structures 

used to model pairwise relations between objects. These GATE Study Material are 

useful for GATE EC, GATE EE, IES, BSNL, BARC, DRDO and other exams.  

You can have this study material downloaded as PDF so that your GATE preparation 

is made easy and you ace the exam. Before you start learning about Types of Filters 

and Network Synthesis, you should read up on the basic concepts.  

 

Recommended Reading – 

Parameters of Periodic Wave Forms 

Sinusoidal Response of Series Circuits 

Sinusoidal Response of Parallel Circuits 

Power Relations in AC Circuits 

Series Resonance 

Parallel Resonance 

Network Theory Revision Test 1 

Basic Terminology in Graph Theory  
Let us look at some terms in Graph Theory and what they mean.  

Graph 

It is skeleton representation of a circuit (or) network where every element is 

supressed by its nature and represented as a simple line segment.         
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Here we number the nodes as 1, 2, 3……..  

We name the branches as a, b, c, d, ……..  

If n = number of nodes  

b = number of branches  

no. of meshes (m) = b – n + 1  

for the above graph, n = 4, b = 6   

⇒ m = 6 – 4 + 1 = 3   

 

Sub Graph 

A sub graph is found by considering some of the nodes and branches of main graph.   

Example 1:  
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for the above graph sub graphs are  

 
 

Connected Graph  

A graph is said to be connected is there exists at least one path from every node to 

every other node.  

 

Completely Connected Graph 

A graph is said to be completely connected if there exists a direct path from every 

node to every other node.   

Example 2:   
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Directed Graph (or) Oriented Graph  

A graph is said to be directed if every branch is given a particular reference direction 

indicated by arrow. This reference direction need not represent current direction in 

that branch.  

Example 3:  

 

Tree  

A tree is a sub graph of main graph which connects all the nodes without forming a 

closed loop.  

for a graph with ‘n’ nodes, the rank of tree = n – 1   

Any particular tree for a given graph can be constructed with (n–1) branches. 

 

Twig  

The branch of a tree is called as twig indicated by thick Line. Any tree with n nodes 

has (n–1) twigs.  

 

Co-Tree  

The set of branches in a graph other than tree branches form a co tree.  
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Link or Chord  

The branch of a co tree is called link indicated by dotted Line. For any graph with n 

nodes and b branches, numbers of links = b – n + 1   

 

Degree of a Node  

The number of branches incident at any node represents its degree.  

Example 4:  

Let’s take a graph  

 

Here degree of node 1 = 3  

 

Degree of node 2 = 3  

bde forms a tree, acf forms a co – tree. 
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b, d, e are Twigs.  

a, c, f are Links.  

 

Incidence Matrix  

It is the matrix which gives relation between branches and nodes. The rank of 

incidence matrix is (n–1). The elements of incidence matrix is given by [A] = [aij]n×b   

Where aij = 1, If jth branch is incident at ith node and oriented away.  

aij = -1, If jth branch is incident at ith node and oriented towards.  

aij = 0, If jth branch is not incident at ith node  

We can construct the incidence matrix for the directed graph. The rows of matrix 

represent the number of nodes and the columns of matrix represents the numbers 

of branches.  We can draw a graph with the help of incidence matrix  

The algebraic sum of elements of all the columns vertically is zero.  

Example 5:    

Construct the incidence matrix for the graph given below.  
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Solution:  

 

 

Reduced Incidence Matrix  

If one of the node in the given graph is considered as reference node, then that 

particular row can be neglected by writing incidence matrix is called as reduced 

incidence matrix. The order of reduced incidence matrix is (n–1) × b.  The Algebraic 

sum of some of the columns is not zero.  

Example 6:  

Let, consider the graph given in example 1, If node 4 is assumed as reference node, 

then reduced incidence matrix will be  
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To Find Number of Trees can be Formed for a 

Given Graph  

number of trees = {
nn−2, n > 2 for completely connected graph

det|[Ar][Ar]
T| for just connected graph

    

 where n = no. of nodes.  

[Ar] = reduced incidence matrix  

Example 7:  

Number of trees can be formed for the graphs given below:  

a) 

 

b) 

 

  Solution:  

a) The given graph is completely connected n = 4  

⇒ Number of trees = nn-2 = 4(4-2) = 42 = 16    

b) The given graph is just connected graph. So we have to find reduced incidence 

matrix. Take node 4 as reference node.  
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Number of trees =  Det|[AR][AR]T|   

[AR][AR]T = [
1 0 0 0 1

−1 1 0 1 0
0 −1 −1 0 0

]

3×5
[
 
 
 
 
1 −1 0
0 1 −1
0 0 −1
0 1 0
1 0 0]

 
 
 
 

5×3

= [
2 −1 0

−1 3 −1
0 −1 2

]   

Number of trees = |
2 −1 0

−1 3 −1
0 −1 2

| = 2(6 − 1) + 1(−2) = 10 − 2 = 8   

 

Did you like this article entitled Graph Theory? Let us know in the comments. You 

may also enjoy reading the following – 

Fundamental Loops and Cut Sets 
List of 40+ PSUs Recruiting through GATE 2018 
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