Method of Analysing Circuits
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1. Find the value of R; and R, in the network shown in Fig. 2.1 using mesh
analysis.
0.1Q 0.3Q 0.2Q
A% A% A%
20A 30A
+
100V +— § - 120V
- R1 § Ry
Fig. 2.1
Solution:
0.1Q 0.3Q I 02Q
A% A% A%
+
100V T - 120V
I

Fig. 2.2

Assume the current flowing in a 0.2 -Q resistor is /
Total current becomes I =50 + 1

Mesh 1

0.1(50 + I) + 20R, = 100

5+0.17+20R, =100

20R, +0.11=95
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2.2 Network Analysis

Mesh 11
—20R, +0.330+ 1) + 30R, =0
20R;-30R,-031=-9

Mesh III
—30R, +0.271=-120
30R,-0.21=120
20 0 0.1 [ R, 95
20 =30 -03|=|R, |=] -9
0 30 -02 i 120
20 0 0.1
A=120 =30 -0.3| =20(6 +9) + 0.1(600)
0 30 -02
A =360
95 0 041
A=1-9 =30 -0.3]=1758
120 30 -0.2
(20 95 0.1
A=120 -9 -03|=1376
| 0 120 -0.2
R, = A = 1758 =4.88Q
A 360
R, = A = 1376 =3.82Q
A 360

2. For the circuit shown below, find the currents in all the branches of the
circuit using node voltage method.

2Q

8V_<> Q 2A §4Q
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Methods of Analysing Circuits 2.3

Solution: Consider two nodes, A and B, in the circuit

2Q
WA
—
b
1Q A 2Q B
A YAYAY
—_— —_—
I I l[“

+

8V_<> 2A §4Q

Fig. 2.4

Applying KCL at node A, consider all currents are entering the node.

8 — -
Ya o YeVa _g
1 2
-3V
SV Vs g
2 2
3V, — V=20 (1)

Applying KCL at node B by considering all currents entering the node B
Vy—Vp N —Vp N 8-Vp
2 4 2
2V, —5Vp=-16 2)
By solving the above equations, we get
V4 = 8.92 volts, Vp = 6.77 volts

=0

current in a kQ resistor

=8-8.92=-0.92 amp

Current in 2-Q resistor

8-Vy, 8-6.77

=0.615 amp

Current in the 2-CQ resistor

V,-V, 892-6.77

I = =
3 2 2
I;=1.075 amp
Current in the 4-Q resistor
_ 677

L= 4 1.69 amp.
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2.4 Network Analysis

3. Determine the value of I in the following circuit shown in Fig. 2.5.

Fig. 2.6
From the figure
I, =15A
1
I3_Il=é><3(13_12)
L I
ILi-1,-—+— =0
3ThT 3
21
3
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Methods of Analysing Circuits 2.5

21,
3

+ I—2= 15
3
L, +21;,=45
The second loop equation
U-1)3+U,-1ID1+21,=0
-1,+61,-31;=0
2L, -1;=5
From (2) and (3), we get

)

3)

I,=11A
I=1,=11A
4. Find V| for the network given below.

50 Q
4%

NV
30 Q

5A<D

$ o4y,

Fig. 2.7

Solution: Applying KCL at node V| we get
iV, + Vi—Vs
20 50
Applying KCL at node 3, we have
Vi-V, + Vi-%
30 50
From the circuit, we have
V, =04V,
By solving the above equations, we get
V, =148.1 Volts

=5 (1)

=0.01V, (2)

3)
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2.6

Network Analysis

5. Find V, for the circuit given below.

10 30
aAvAY; NNV
20
6v<i> §4g L gv
5V,
Fig. 2.8

Solution: Considering nodes 1, 2 and 3 as shown in Fig. 2.9 to find out the
values of V,, V, and V.

Vi V, v, 3Q Vs
—A——— W\
1Q
2Q

(@

5 Vy
Fig. 2.9
From the circuit,
V=6V
Vi-V,=V,
- V.=6-V, (D
Applying KCL at node 3 is
V; =V V.
3772 . )
3 4
i BV
3 4 3
Applying KCL at node 2
V, =5V V, = V. V, -V,
2 X + 2 3 + 2 1 =0 (3)
2 3 1
where V,=6-V,
7
Vi=6V

NA-Olc-02.p65 6 8/29/07, 12:13 PM




Methods of Analysing Circuits 2.7

Substituting these values in equation (3), we get
V,=5.727 Volts
V,=6-5.727 = 0.272 Volts

6. Use mesh analysis to find the current supplied by 31 V source and the
current in 4 € resistor of the circuit given below.

50 100 v,
—VW ANN—
1Q
+
31v<_> vi 1 A §4Q
10 V4
Fig. 2.10

Solution: The two loop equations are

161, -1,=31 + 10V, (D)
10V, -U,-1,)1-41,=0
I,-51,=10V, 2)
From the circuit, we have
_31-y
U5
o V, =31-5], 3)
Substituting eq. (3) in eq. (1) and eq. (2) we get
661, — 1, =341 4)
-511,+51,=-310 &)

From the above equations, we get
7. The figure shows a network having a voltage controlled voltage source.
Determine the potential difference between points B and C. Use nodal

analysis.
400 B
NV '
100Q A 20 120
AV NN
+
055V — §3OQ GQ§V1 3V4
o
Fig. 2.11
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2.8 Network Analysis
Solution: Consider nodes A, B shown in the figure.
At node A, by applying KCL we get
. Vv
v, (i+i+l+i)_g__3=o (1)
10 30 8 40 10 40
At node B, by applying KCL we get
vV, 3V
v, (i+ij__A+—l=o @)
12 40 40 12
From the circuit we have
V(b
v, = Ya® 3)
8
Substituting the value of V, in eq. (i) and eq. (2) then
34V, - 3V; =6.6 4
T8V, + 52V, =0 &)
Solving the above equation for Vj, we get
8. Determine the current supplied by a battery in the network shown in the

figure.
100 Q A iy 100Q B
P NV . NV
1112 .
f2 o i3
QJQ
S
OOQ
100V = E g 300 Q
f1=i3
¢ VN
i+ i D ip +ia 100 Q C
Fig. 2.12

Solution: Let i}, i, and i5 be the currents flowing as shown in the figure.
The current supplied by the battery will be (i} + i,).

Applying KVL to the loop ABCA, we get
—100i, — 300i5 + 500i, =0
ij—=5i,+3i3=0 (D)
Applying KVL to the loop BCDB, we get
—300i; — 100(i, + i3) + 500(i, — i5) = 0
5i—i,—9i3,=0 2)
Applying KVL to the loop ABDEA, we get
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Methods of Analysing Circuits 2.9

— 100, - 500(i, — i3) — 100G, — i) + 100 = 0

1 -5 3

A=[5 -1 -9

7 1 -5

0 -5 3 10 3
A= 0 -1 =9/ A)=[5 0 -9
-1 1 -5 7 1 -5

A A
- =0.2A,i2=Z2=0.1A

Iy
The current supplied by the battery = 0.2 + 0.1
i=03A

9. Find out the various branch currents in the elements of the network shown
in the figure.

1 05Q 2
Py I\/\/\I Py
]1 [2 ]5 ]3
10 1o 2Q 10
15V T L T 20V
3
Fig. 2.13
Solution: Applying nodal analysis to the circuit, the nodal equation for
node 1
5-Vi _ V-V v
1 05 1
4V, -2V, =15 (D
At node 2, we have
Vv, V-V, N 20—V,
205 1
4V, -17V,=-40 2)

Solving equations (1) and (2), we get
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2.10

Network Analysis

1.

2.

NA-Olc-02.p65

V, =11 volts; V| = 9.25 volts
I5-v;  15-9.25

I = = =5.75A
1 1
v, -V, -9.
e L _1-925 oo
0.5 0.5
20-V.
Q=-—7—3-=20—11=9A
v,
Q=]L=9%A

Objective-type Questions

In the network, there are seven branches and four junctions. The required
number of currents would be

(a) 4 (b) 5
(c) 7 (d) 6
The circuit shown in figure is equivalent to a load of
I 2Q
o NN
+
40 21
o
Fig. 2.14
4 8
a) — ohms b) —Q
(a) 3 (b) 3
(c) 4Q (d) 2Q
. The number of independent loops for a network with 3 nodes and 6 branches
is
(a) 2 (b) 1
(c) 4 (d) 6

A circuit consists of two resistances, 4Q and 4Q in parallel. The total cur-
rent passing through the circuit is 10 A. The current passing through R, is
(a) 5A (b) 10A
(c) 4A (d) 2A
A network has eight nodes and five independent loops. The number of
branches in the network is

(a) 13 (b) 11
() 12 d 5
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