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CHAPTER-1
Graph Theory

Syllabus

UNIT | Graph Theory: Pre- Requisites: Basic circuital law, Mesh & Nodal analysis.
Importance of Graph Theory in Network Analysis, Graph of a network, Definitions, planar
&Nonplanar Graphs, Isomorphism, Tree, Co Tree, Link, basic loop and basic cut set, Incidence
matrix, Cut set matrix, Tie set matrix, Duality, Loop and Nodal methods of analysis.

Outcome
Apply the knowledge of basic circuital law, nodal and mesh methods of circuit analysis and
simplify the network using Graph Theory approach.

1 Shweta Singh
+91-8392878633
Shwetasingh10057 @gmail.com
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— Solved Problem
Problem 3.1 Draw the graph of the network shown in Fig.3.15 (a)

,‘>‘

Fig.3.15 (a)

Solution The graph of the network is shown below.

Fig.315 (b)

Problem 3.2  FromFig. 3.16, make the graph and find one tree. How many mesh currents are required for
solving the network? Find the number of possible trees.

I ] L
2 *—

Fig.3.16
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Network Topology (Graph Theory)

. “he graph of the K is s
golution The graph of the network is showy, below One tree of the graph is sh
Vi aph is shown.

ToA A af 7

(1 2

| o—
\\

(9)

7 (8 6 (10) 2.~

P

Fig.3.17 (a) Graph of the network

Fig.3.17 (b) Tree of the graph

/ The complete incidence matrix is obtained as

Branches

Nodes 1 2 3 4 5 6 7 8 9 10

1 1 0 0 0 0 0 0 0 —1 0

2 =] 1 1 0 0 0 0 0 0 0

A,=13 0 —1 =] 1 1 0 0 0 0 0

4 0 0 0 0o | —1 1 1 0 0 0

5 0 0 0 0 0 -1 0 0 0 1

6 0 0 0 0 = 1 0 0

7 0 0 0 -1 0 —1 1 -1

o The reduced incidence matrix becomes

Branches J

Nodes 1 2 3 4 5 6 7 8 9 10

1 ] 0 0 0 0 0 0 0 —1 0

2 -1 ] 1 0 0 0 0 0 0 0

A= |3 0 —1 -1 1 "I\O 0 0 0 0

4 0 0 0 =] 1 1 0 0 0
5 0 0 0 -1 h 0 0 0 155:

6 0 0 0 0 /—l 1 0. 0
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Network analysis and Synthesis

= ‘. o, .S
Hence the numbper of possible (rees i

(1 -1 0 0 0 o
0 | 0 0 0
[I 0 0 0 0 0 0 0 -1 0 0 1 -1 0 0 0
Lo 0 00 o o offo o 1 0 0 o
R : | [ 0 00 000 0 1 =1 0 o
O - - p—
Il:dC(J o 0 00 S o o ofo 0 0 I I ()r
) 0 o 0 -1 00 0 110 0 0 1 0 —
(() 0 o o 0 -1 10 o o 0 0 0 0
-1 0 0 0 0 o0
[0 0 0 0 I 0]
[2 -1 0 0 0 0]
-1 3 -2 0 0 0
dat| & 72 4 0 0O o o2
o 0 -1 3 -1 -1
o 0 0 -1 2 0
0o 0 0 -1 0 2

Problem 3.3 Branch current and Ioor current relations are expressed in matrix form as,

= e TL
v i [1 0 o0 -1]
Lllo 1 0 -
il o 1 1 off]
L1100 1 1 o4,
I ) 1 -1 0 O .]3
I 0 0 -1 0fr,]
i [-1 0 0 o
SR - R

Draw the oriented graph,

Soluti , I
on  We know that, [/,] = [B.] [1,). So, the tie-set matrix, here, is




Network Topology (Graph Theory)

Loop or Link Branches

Currents 1 9 ¢ 4 5 6 7 8

1 1 0 0 0 ] 0o -1 0
B.= |2 0 1 | 1 -1 0o 0 0

3 0 0 I 1 0 —1 0 0

4 -1 -1 0 0 0 0 0 ]

121

Sq. the grap.h consists of four lopps and eight branches. Loop| consists of branches I, 5 and 7. The ori-
cntations are given following the sign +1 or —1. Following the procedure, the complete oriented graph is

shown below.

P T
B .
REN
Q/'Y
Fig.3.18 =
Problem 3.4 The fundamental cut-set matrix is given as
Twigs Links

1 2 3 4 5 6 7

1 0 0 0 - 0o 0

0 1 0 0 0 1

Y]

0 0 1 0 b 1 1

0 0 0 1 0 1 0

Draw the oriented graph of the network.

Solution The graph has seven branches and three fundamental cut-sets:

Cut-set-1: uﬂ
Cut-set-2: [2, 5, 7]
Cut-set-3: [3, 6, 7]
Cut-set-4: [4, 6]



I—LI Network Analysis and Synthesis

So. the oriented graph is as shown in Fig. 3.19 (a). (b). (¢).

(5) (5)
///‘_— i‘! VD
o) NIEREE @ [ _@
s , I2
—AW (1 © 42 \Q 024
6) °
Fig.3.19 (b) Fig.3.19 (c)

Fig.3.19 (a)

Problem 3.5 Write the complete incidence matrix for the graph shown in Fig. 3.20 (a).

Fig.3.20 (a)

Solution We first label the nodes as shown in Fig. 3.20 (b)

Fig.3.20 (b)
The complete incidence matrix js given as

I 2 3 4 5 6 7

A =1 1 0 1 0 0 0

A, = B ] 0 0 0 0 1 l

C 0 o | —] 0 =] 0 0

D 0 0 ] —1 0 0 —1

E 0 0 0 0 l 1 0



REEM

) Network Topolagy (Graph Theory)
problem 3.6  Write down the incidence matrix and cut-set matrices

| - for the network shown.
Solution  The graph and a suit

able tree for the network are

shown in Fig.3.21 (h).

A C,ﬂ
50) ‘

’

Fig.3.21 (a) Fig.3.21 (b)

The complete incidence matrix is given as

[N
W
(9,1

6

A -1 —1 I 0 0

4, = B 1 0 0 I 0 1
C 0 I 0 -1 1 0

D 0 0 =1 0 ~1 =1

The fundamental cut-sets are identified as
f-cutset-1: [1, 4, 6]
f-cutset-2: [3, 5, 6]

f-cutset-3:H52; 3] ——_
The fundamental cutset matrix is given as

! 2 4
C, -1 0 1 0 1
o= G 0 0o -1 I A
c -1 -1 L - 0 - A .

Problem 3.7 For the network shown in Fig. 3.22 (a), give fundamental cut-set matrix and hence find KCL
equations. . )

]
AA——2 2
1Q
1A 2 2 1Q

Fig.3.22 (a)
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: » network.
Solution The graph and one tree are shown for the

The fundamental cutsets are identificd as
f-cutset-1: [1, 2]
fcutset-2: [2. 3, 4]

The fundamental cut-set matrix 1s given as

C
7, = C | 1 0 0
Q. ! ' ' | Fig.3.22 (b)
C 0 i

' e r eU-80 iX 1S given as
The KCL equations in tmws of cut-sct matrix 1s g

- OV = — (011
WO (01 (RN = (0]

Here, : C 1 —
\r;k 20 0 offt O] [1 0
110001001-1{2100}1-1
[Q][);][Qj]Jo =f 1]0 0o 2 o0fo 1] ]o -1 2 1]jo I
h 00 0 1J[0 1] [0 1]
|3 -
-1 4
—1 —5
1 1.0 0] of [1
B Qs N e
- 0

F' Thus, the KCL equations are /

7 AN

| -1 4]V, 0
Problem 3.8 For the network shown in Fig. 3.23 (a), draw the ori-

ented graph, select a suitable tree and obtain the fundamental cut-set
matrix. Determine the node equations and find v,

Since we have to find v, we take the branch (2) in the twig and a pos-
sible tree is selected.

The fundamental cutsets are identified as
f-cut-set-1: [1, 2, 3] Fig.3.23 (a)
f-cut-set-2: 3, 4]

! . . : 20
Solution The oriented graph of the network is shown in Fig. 3.23 (b). Ve
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The fundamental cut-set matrix is given as P y.
Q=G - | | 0
G 0 0 i |
The node cquations are given as
l()][ ),I]|Q1][ V] = IQ)] e {[Y Fig.3.23 (b)
el oLl LA ICA T
Here, v o

[Q][);‘][QT]:[—I 1o o'J 0 yz 0 0 —ll g % Ly

0 0 -1 1

Y o 0o o] W
S 7o
1 1 0 o]fl © 0 0
ENEAANAE| [ ol_|o{l[ 1
0O -1 1 1 0 0 1 o |lO 0 —2v
0 2 1 0 2v
I 0 0 5 J
Thus, the KCL equations are
ANAIA
2 2 |:V:z]=|: 1 ]
A o . : 4
Here, V,, = v. Putting this in the KCL equations and solving we get, v = ) \"

Problem 3.9 For the\resistive network, write a cut-set schedule and equilibrium equations on voltage
basis. Hence obtain values of branch voltages and branch currents.
20

o8 5
(1)

910 V
Fig.3.24



problem 3.1 1. For the "Efwofk of Fig. 3.27, draw the graph and write a tie-set schedule. Using the tie-set
schedule obtain the loop equations and find the currents in all branches.

0.20

050

O 0.5
Qv

Fig.3.27

Solution The graph and one tree are shown in Fig. 3.28.

B how s
Faa o Ewmel g <>
(3) @ 7
) (1) J | /(@)
@ (b)
Fig.3.28

The tie-set matrix
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Branch impedance matrix s

[05 0 00 0 0
0O 05 0 0 0 0
0O 0 1 0 0 0
"o 0 01 0 0
0 0 0 0 02 0

Thus,
[05 0 0 0 0 o]
10100—1'8%5?8330.5
[B]z]=[o 1t 0o 1 0 1 = 0
00—1-110J000'000
0 0 0 0 02 0
(0 0 00 0 1]
[1 0 o
05 0 1 o o %1 0
~[8]z]8]=0 os o 1 o qf !0 -1 _
0 0 -1 -1 02 of @ 1 -1
0 0 |
[-1 1 o
[-9]
10 1 090 - ©°
Now,—[B ][V ]==[0 1 o 1 o ;| [
00 -1 -1 1 o 0
0
[ 0]

So, the loop €quations are



Network Topology (Graph Theory)
Solving the three equations,

Hh=89A, iL,=0633A, ih=092A

Prol?lem 3. 1? Figure 3.29 (a) shows a dc network. (a) Draw a graph of the network. Which elements are
not included in the graph and why? (b) Write a loo

inciden j 2
(c) Find branch currents. p ce matrix and use it to obtain loop equations
2A 21) 210) 2() g 5V
211 2Q)
Fig.3.29 (a)

Solution () The graph is shown below.,

st Y (5) K

(1) b e
Fig.3.29 (b)
The 2-V resistor in parallel with the voltage source and the 2-A current source have not been included in the

graph. This is because of the reason that passive elements in parallel with a voltage source are not included in a
graph and the current source in parallel with a passive element is open-circuited while drawing a graph.

(b) The tie-set matrix for the tree chosen is

B=100—11
01 -1 0 -1

Branch impedance matrix is

(2 0 0 0 O]
02000
Z,={0 0 0 00
00020
(0 0 0 0 2
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20 0 0 0 1 0]
L0 o PR DL O
% O =1y 00 2 of-1 o
0000 2] 1 -1
[ 10
0 |
2.0 0 =2 2 |6 -2
= o -tEL,
020 0 =2f
| LF =
Now,
[0

0 0
200 -2 2 1 0 0 -1 | 41 10| [ 4
_ - _ -5 |= - =
BZ1I BV_[ _JO [o | =1 0 -l 0] [5] |-5

1020 0 0 0
0] [ 0]
So, the loop equations are
BN
-2 4] =5
Solving these equations, i, = 0.3A,i, = — 1.1 A

(c) Putting these values, the branch voltages are
M=2Xi=06V,V,=2Xi=-22V,V, ==5V.Vi==-2Xi+4=34V, V,=28V

Thus, the branch currents are

34 28 5 0.6 22
IA.IJ =T=1.7A, IAD=7=1'4A’1AC=5=2‘5A’]DB=7=O'3A’ [DC=7=IIA

So, the current supplied by the battery = (1.7 + 1.4 + 2.5 — 2)=36A

Problem 3.13  Forthe network shown in Fig.3.30, draw the oriented graph and obtain the tie-set matrix.
Use this matrix to calculate i,

10 20

s e e B i P
GI\R
L,

e AT T IR P Y P LT
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Network Topology (Graph Theory)
Solution The oriented graph and any one tree are shown. ‘

The tic-set matrix is given as

1 1.0 0 10

1
=0 -1 1 =1
B, 0 0 )
0O 0 0 1 =11 (2)
(1) D _»_
The pranch impedance matrix (1) 2 \ e
~ . (6) /(6)
4
(a)

1 0000 0
02000 0 (b)
Z=002000 Fig.3.31
10 0 01 0 0
0000 3 0
00000 1]
(1 0 0 0 0 0]
1 10 0 10220000 1 20 0 30
sz=0—11—100002000=0—22—100
0 00 1 -1 1200100 oo 1 3
00003 G0
00000 1]
(1 0 0]
12 g 3t o Ll O ey s
~BZB'=[0 -2 2 -1 0o of® ! O s o
o oo 1 =317 Yls o s
1 0 -1
0 0o 1]
Now,
o
110010_‘1 2] [2
-BV=-0 -1 1 -1 0 0 0=——1=1
0 00 1 -11 of [o
- 0
...0_
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So. the loop equations become

Solving for /,

2 -2 =3
5 -1
- A}
I = = ().()] .’\
: 6 -2 -3
=2 5 -1
-3 -1 3

S, =091A

L al . a2 2



