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NODAL ANALYSIS NODAL ANALYSIS
» the number of nodes for which the voltage must be determined using nodal
analysis Is 1 less than the total number of nodes.

(N - 1) nodal voltages that need to be determined

» the number of equations required to solve for all the nodal voltages of a

network is 1 less than the total number of independent nodes.
(N -1) independent equations be written to find the nodal voltages
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Nodal Analysis Procedure

1) Determine the number of nodes within the network.

2) Pick a reference node, and label each remaining node with a subscripted

value of voltage. V1, V2, and so on.

3) Apply Kirchhoff’s current law at each node except the reference. Assume
that all unknown currents leave the node for each application of
Kirchhoff’s current law. In other words, for each node, don’t be influenced
by the direction that an unknown current for another node may have had.
Each node is to be treated as a separate entity, independent of the

application of Kirchhoff’s current law to the other nodes.

4) Solve the resulting equations for the nodal voltages.
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Example (1)
Apply nodal analysis to the networ
nFig. 1-1 ngﬁﬂ
4 FIG. 1-1
R, 120 1 A
E==24V
Solution. —
Step 1 and 2.

The network has two nodes, as shown in Fig. 1-2. The lower node is defined as the reference

node at ground potential (zero volts), and the other node as V1, the voltage from node 1 to

ground.

= O0V)
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Step 3:

11 and 12 are defined as leaving the node in Fig. 1-3, and Kirchhoff’s current law is
applied as follows:

I=1,+1, Vi
The current 12 is related to the nodal voltage V1 by Ohm’s Il & 2
law: VeV, R, § 60 +

f: = — - 4
=% TR ) Rzg_lzﬂ IC)IA

The current 11 is also determined by Ohm’s law as follows:

E=24V
Ve T
L RI —?—(UV)
o Vi, =Vi— E _ Vi—E FIG. 1-3
Substituting into the Kirchhoff’s current law equation. 1 = R T R
1 2
Vi E V, 1 E [
I = R R + R Vi R + ® )R I The currents 11 and 12 can then be
! ! : ! : | determined using the preceding
Vu(i N L) _E | | equations:
Ry R R,
| , _Vi-E_20V-24V _ -4V
1 1 24V 'R 60 60
% — + = +1A=4A+1A :
1(6!! 12&1) 6 Q I = —0.67 A
]
Vil — | = 5A vV 20V
'(49, I IEZR'zlzﬂzl.fi?A
V, =20V :
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Example (2) NODAL ANALYSIS
Apply nodal analysis to the

network in Fig. 2-1

FIG. 2-1

OF

Solution:
Step 1 and 2.
The network has three nodes, as defined in Fig. 2-2, with the bottom node again defined as

the reference node (at ground potential, or zero volts), and the other nodes as V1 and V2.
Ry

M
Vi 4 Q) Vi
I
(D)
R]§81] \_/ N
2A R 2100 FIG. 2-2
+ i
E="64V
T




Step 3:
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For node V1, the currents are defined as shown in Fig. 2-3 and Kirchhoff’s current law is

applied..

with

and

so that

or

and

0=1I1+16L+1
!_V|_E
I R|
I_VRE_VI_VQ
R R
Vi — FE V., —V
1 n 1 2+I=
R, R,
V E V V
1 L 2+I=
R, R, R, R,

Substituting values:

¥

1 |

_|_
8O 40

_I_

Ry _

I,

Wy

4 Q)

v,
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For node V2 the currents are defined as shown in Fig. 2-4, and Kirchhoff’s current law is
applied.

I:IE+I3 Vl 4!'1 T VZ
I
with =N b ( ) |
R, R; nggﬂ N '
v, VvV, V ZA Ry =100
or [ = 2 _ N, 2 N 3_§
Ry Ry R E=-64V
1 1 ] -
and Vz(— + —) — Vl(—) =1
R, R R, =
Substituting values: FIG. 2-4

1 1 1
_|_ I — f— 2
Vg(4_ﬂ 101‘1) Vl(atn) A
Step 4:

The result is two equations and two unknowns.

1 1 1
—v,[— ) + + )
V'(at.ﬂ) V2(4.ﬂ 101‘1) A
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which become: 0.375V, — 0.25V, =6
—0.25V, + 0.35V, =2
Using determinants. V,=37.82V
V,=3273V

Since E is greater than V1, the current 11 flows from ground to V1 and is

equal to:
E—-V, 64V —-3782V
= = : = 32T A
1 R, 8 ()

Iy

The positive value for V2 results in a current IR3 from node V2 to ground

equal to:
7 ; _Vgi_vz_:-sz.?:w_un
R, R, 100 7

Since V1 is greater than V2, the current IR2 flows from V1 to V2 and is
equal to:

, _Vim Ve 3182V - 3273V
= _

- 1.27A
1 R, 40
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Determine the nodal voltages R,
for the network in Fig. 3-1 EWH

4A R,§zﬂ R3§6ﬂ 2A

Solution: FIG. 3-1
Step 1 and 2: V, b, Vy
As indlicated in Fig. 3-2 R:Qf?z 0
R
FIG. 3-2 AA gdgl" R, 260 2A

\ Reference B

Step 3:
Included in Fig. 3-2 for the node V1. Applying Kirchhoff’s current law:

4A=1 + I

4A ="+ =L
R, R, 20 120
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Expanding and rearranging. I | |
1% V| —=)=4A
'(zﬂ 12{1) 2(12(1)
For node V2, the currents are defined as in Fig. 3-3.
I
V, —— Vs

Reference

Applying Kirchhoff’s current law:
PRYING 81 Y v O0=L+L+2A

Vz — V| VE Vz — V| Vz
+=4+2A=0— — + +
R; R, 20 60

S

2A=0

Expanding and rearranging. ] I 1
_ - - —9
3(121‘1+6ﬂ) '(IZQ) A
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Step 4:
The result is two equations and two unknowns.:
I 1 l w 7 L, _ _
V 4 — V|l — 1= +4A —|——V2—+4 71“'1— V2—48
1(2Q 1211) “(1211) }_=> 12 12
‘ : ‘ v+ v, = 2| -1, +3v,= —24
v, — + —V|—— |= —2A TXRITR 1+ 3V,
120 60 120 J
48 —I ‘ 7 48
—24 3 120 -1 —24 —120
1 7 -1 20 V2 20 20 oV
—1 3
Since V1 Is greater than V2, the current through R3 passes from V1 to
V2.
) V., =V 6V —-—(—06V
Its value is [, =——2= ( ) _ 2V A
: R, 120 12 Q
The fact that V1 is positive results in a current IR1 from V1 to ground
equal to Voo V. 6V
IR — — — - — 3 A
" R, R, 20
Finally, since V2 is negative, the current IR2 flows from ground to V2 and
/s equal to
VRI Vg 6V )
I = =—=——=1A
) Rg RQ 6 ()



