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1.8 NODAL ANALYSIS METHOD :

A junction point in an electrical circuit is called a node. A potential drop can be measreg

with respect to this point and another node acting as a reference point. Generally, groundeg

node is taken as a reference point. If n is the number of nodes, then the number of independer

KCL equations in nodal analysis is (#—1) because one node acts as a reference node.
Consider the sample circuit shown in Fig. 1.18(a).
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The branch currents entering and leaving node 1 can be marked as shown in Fig.

1.18(b).
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FIG. 1.18(b)

According to KCL, the currents entering the node 1 is equal to the current leaving that
node. Thus,

I, =1, +1,
V-V V.-V,
According to Ohm’s law, 1, = 1 "2 and /, = nR 0
3
¥V, V=V . .
Therefore, I, = / R 24 P ¢ and since node 0 is grounded, ¥, = 0.
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Similarly, with reference to node 2 in Fig. 1.18(c), we have

+u+ﬂ=
R, R, R,

v (1

+V,|—+—

R, : R, Rs_

The above nodal equations for nodes 1 and 2 are used to find the voltages at each node.

V=¥

0

=0

Steps involved in the nodal analysis method

Step 1: Identify all independent nodes wherever the current branches out and select a
reference node.

Step 2: Write the nodal equation using KCL for all nodes except the reference node.

Step 3: Nodal equations are then solved to find nodal voltages and branch currents.

2EIWERRERS Using nodal analysis, determine nodal voltages for the circuit shown in

Fig. E1.44(a) .
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FIG. E1.44(a)

Solution
Step 1: Identify all nodes and assign a reference node as shown in Fig. E1.44(b).
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FIG. E1.44(b)
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Step 2 Write the nodal equation using KCL.

At node 1,
5 6

e d ok

0.367V, —0.167V, =2 (1)
At node 2,
AR ANA
— __+____=
+3 10
-V, 1 1
+V'3 6+10

—0.167V, +0.597V, =2 )
Step 3: Upon solving the nodal Eqn. (1) and (2), we get
¥, =7.991V and ¥, =5.585V

2T CRLEN Find the unknown voltage V. in the circuit shown in Fig. El .45. Assume
that ¥, =16 V.

Solution

Given ¥, =16V, inspecting the circuit shown in Fig. E1.45, the current through the 49
resistor is V /4,

le.,
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Applying KCL at node “a’, we get
S=Ig+Ig=4+1,
or, Io=5-4=1A
Therefore, the voltage drop across the 6 ) resistor, V,, = 1x6=6V
Applying KVL to the loop ‘abéd’, we get
V,=V,-V, =16-6=10V.

Inspecting the circuit, it is noticed that ¥, =¥,
Hence, V =10V

In the circuit shown in Fig. E1.46(a), determine: (a) the open circuit
voltage V,_, , (b) the short-circuit current through terminals a-b, and (c) the voltage drop
across 3 A current source when a-b is open-circuited.
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FIG. E1.46(a) : FIG. E1.46(b)
Solution

(a) Inspecting the circuit shown in Fig. E1.46(a), I=3A
Hence, the voltage drop across 5Q resistor is ¥y, =3x5=15V
and the open-circuit voltage V,_, =V,, =20—V;q =20-15=5V
(b) Short-circuiting the terminals a-b and applying KCL at node ‘x’, we get
I=1,+1, oy
An inspection of the circuit shown in Fig. E1.46(b) reveals that / = - = L, =3A

and since ‘a’ and ‘b’ are shorted the nodes ‘a’, ‘b’ and 'y’ merge with the node ‘y’, so
V
that 1,, = _21’.

20—V, V,
Therefore, 3 2 =34+ —
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20—V, 6+V,
5 2
or, V, = lQV
S
Hence, the short-circuit current through a-bis
4 10 5
2 2x7 T

(c) When the a-b terminal is open-circuited as shown in Fig. E1.46(a), assuming the
voltage drop across 3A source is ¥, and applying KVL to the circuit, we get

_20451+41—Viq =0
Since I=3A, —20+15+12—V;=0

Therefore, Via=1V

dal equations for the circuit shown in Fig. E1.47.
7A

Example 1.47 R4S the no

Solution
Applying nodal analysis, we get
For node 1,
10 V=l it
4 8 3
For node 2, 4v

AR
8 5

ample 1.48 B the circuit shown in Fig. E1.48, using Kirchhoff’s current lam

Ex
the values of the currents, /, and 7,.

Solution
We know that in a parallel circuit, the voltage remains the same across all the parallel

branches. According to Ohm’s law, /, = L
3
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RGN Find the current through 1 £ resistor by using analysis m

circuit shown in Fig. E1.50.

ethod for the

=0

Solution
Inspecting the circuit reveals that a voltage
‘y’. Hence, the com
v-5 v, V,—4 v,
Lty e —t—
4 1 6
1 1 1| 5
Vi—+=|+V,[1+= —-=—-4=0
’[3+4J+ | i
0.583V, +1.666V, = 5.666
We know that V, —V, =2

Solving the above equations, W€ get
V. =4V and Vy =2V

The current through the 162 resistor, I

—4

»—

1

bined super node equation for the nodes ‘x’ and

source is connected between two nodes ‘x’ and
‘y’ can be written a5

and detern

Solution
Applying 1

ie.,

Applying '

i.e.,

Solving th

According

and

V./V,byn
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m For the given circuit shown in Fig, E1.51, write the node voltage equations
and determine the currents in each branch for the given network.
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Solution
Applying Kirchhoff’s current law at node 1 we get
m—K+V —%
5 4
. 9 V,
ie., EV—T—IO §))
Applying KCL at node 2, we get
V=V, ¥, V=5
=0
4 +10+ 2
. 17 Vv 5
Le., Z_OVZ_.4L=5 (2)
Solving the nodal Eqn. (1) and (2), we get
V,=1133V
V,=28.5V
According to Ohm’s law, the different branch currents are
=B _saa
5 5
v, 1133
=t =—=]133A
o 10 10
; Bl B3TIB_a0sa
4 4 4
and 1,=!'12_".’.=1.‘_'3_23.:5=3.165A

ICZIXTXEFY For the given circuit shown in Fig. E1.52, determine the voltage ratio,
V. IV, by nodal analysis.
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FIG. E1.52

Solution

Applying KCL at node A, we get
L +1eq+1pq=0

ie., VA - Vl + VA +KA_ 0
5 6 22
1 1 1 v,
ie., V0|-4-t+—|=-2L
e g [5 i 22] 5
or, v, =0485V, | o
As the same current flows through both the resistors 10Q and 12Q, we have
Lo =1Ing
v, V
ie., A=_c
‘ 22 12
V,=1.833xV, | _ _ . 0
Substituting Eqn. (2) in Eqn. (1), we get
V X
o — gﬁ —0.264
v, 1833

IEZETTEEEY For the circuit shown in Fig. E1.53, using nodal analysis find the voltag¢

V which makes the current in 10 Q as zero.
4Q 10Q 8Q

0V

Solution

Applying KCL at node 1, we get



h-v " n-v

Ly 2o
4 2 * 10 0
0.85; — 0.1/, = 11
Applying KCL at node 2, we get
W=V, Vv, Vv,-40
10 el S P L4 =0

0.39V, - 0.1V, =5

Since the current through 10Q is zero, we have
Vi=r=0

or, V=V,

Substituting Eqn. (3) in Eqn. (2), we get
V,=V,=17241V

Substituting these values in Eqn. (1), we get

V, =4x(0.85—0.1)x17.241 = 51.723V
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(2)

3)
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