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= Introduction

B Nodal analysis.

B Nodal analysis with voltage
sources.

B Mesh analysis.

B Mesh analysis with current
sources.

B Nodal and mesh analysis by
inspection.

B Nodal versus mesh analysis. \ e




3.1 Introduction (1)

If you are given the following circuit,
how can you determine 1 5Q 7

* Voltage across each resistor.

. 14 A 40  5Q
* Current through each resistor.

* Power generated by each currer
source, etc.

\What are the things which we need to know
determine the answers?
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3.1 Introduction (2)

KIRCHHOFF’'S
CURRENT LAWS (KCL)

KIRCHHOFF'S

VOLTAGE LAWS (KVL)

OHM'S LAW

How should we apply these laws to determine the answers?

wlanquaniimemevreniasinnlnosna?
6



3.2 Nodal Analysis (1)

pply these laws to develop two powerful techniques for circuit analysis:
Nodal analysis, based on a systematic application of KCL&Q, and

Mesh analysis, based on a systematic application of KVL &Q.

Ex. Analyzing circuits using nodal voltages as circuit variables.
\% 5Q V,
Qv AAAAY SV

14 A 4 Q) 5 Q 7 A




3.2 Nodal Analysis (2)

Steps:

1. Select a node as the reference node (V=0). Assign voltages
V., V,,... to the remaining nodes.

2. Apply KCL to each of the nonreference nodes. Use Ohm'’s law
to express the branch currents in terms of node voltages.

3. Solve the resulting simultaneous equations to obtain the

unknown node voltages.

Vivi—Va

pply KCL atnodeVy: 3= > c

Vo VoV
KCL atnodeV, : 12+—=~+—-— =0 12 A

7 6




3.2 Nodal Analysis (3)

Ex.1 Circuit independent current source only

Apply KCL at
node 1 and 2 v,
’1\ AAATAY
I I, I
14 A 4 Q) 5Q
1

V,=30V,V,=-2.5V

7A



3.2 Nodal Analysis (4)

Ex.2 Calculate the node voltages in the circuit

29% 623 (Poa

At node 1, app_lying KCL and Ohm’s law gives

vi—v, vi—0

i1=i2+i3 — 5= -- — 3V1_V2=20
4 2
At node 2, we do the same thing and get
- -0
iz+i4:il+is = VI4V2+IO:5+VZ6 = —3V1+5V2:60

10

y=1333V,v,=20V



3.2 Nodal Analysis (5)

Ex.3 Determine the voltages at the nodes in Fig.

40 40
AW MM
i Tf1 i i ;’1
e 20 2 8Q 20 VZ_ZLSQ_%‘
1 AN AV 3 V1 __"\/\NM___ Vg
3at| i [
3a(}) §4Q P2 3a(d) §4Q 2i,
0
(@) — (b) —
At node 1,
_ , Vi—Vs V—V
3=i,+i, = 3= 14 S 4 ]2 2 = 3v,—2v,—v3=12
At node 2,
. , Vi—=V, WVv»—Vv3 v, —0
L=bh+1; = l 2: 2 3-|— 2 = —4V1+7V2—V3=0
2 8 4
At node 3,
Vi—V: Vo—Vv3 2 —v
W +ih=2 = 14 > 4 28 2 = (12 2):> 2vi =3 +v;=0

11

vi=48V,v,=24V,v;=-24V



3.2 Nodal Analysis (6)

Ex.4 Find the voltages at the three non-reference nodes in the
circuit of Fig. 2 Q

4 Q 6

v,=32V,v,=-25.6V, v, =624V



3.2 Nodal Analysis (6)

Ex.4 Find the voltages at the three non-reference nodes in the

circuit of Fig. Vi
g V. 4i,
Vi-Vy V-V fo3e 22 '4
e 1 : 4=itiy ; 4= > I 13 2:>5V1—2V2—3V3 =24 1 A ) \*"'—/ '3
V,~V. % L t 113
filynn 2 :i2+4ix=ix;% = 3% TZ =4V +5V»=0 4 A D § 4Q § 6Q
| Vi-Va V¥
fwun 3 :i) =4ix izl =4% L + -2 3V -6/, -43=0

5
4
3

—2
5
—6

-3
0
—4

|

B

v,=32V,v,=-25.6V, v, =624V =



- - - -
- -~ -

-~ -
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.3 Nodal Analysis with Voltage Sources (1)

How voltage sources affect nodal analysis?

* Consider the following two possibilities.

« CASE 1: If avoltage sourceis
connected between the reference node

Supernode gnd a nonreference node, we simply set

A //

the voltage at the nonreference node

.\“‘ equal to the voltage of the voltage

~

.y source. for example, v,= 10 V

rd

-~ « CASE 2: If the voltage source
E (dependent or independent) is connected

'l}

§89 §6Q between two nonreference nodes, the

two nonreference nodes form a
generalized node or supernode; we apply
both KCL and KVL to determine the node
voltages. In Fig., nodes 2 and 3 form a
supernode.

14



.3 Nodal Analysis with Voltage Sources (1)

Supernode

4Q y

A

_/ li‘q
W .7 sV 1™~
oy «iﬁ\._" 2 G vy )
, \ ] ), 3,
fzi ifé
|10v<+) §89 §69

fi supernode : i]tig = inti3 ; > + 7 =73 + 3 $36=3V2+2V3

NGRS

y=10V, v, =9.2V, v, = 4.2V L

fi Supernode Vr=V3=5;



3.3 Nodal Analysis with
Voltage Sources (3)

* Asupernode is formed by enclosing a
(dependent or independent) voltage
source connected between two non-

reference nodes and any elements
connected in parallel with it. (Supernode #®
node 71a8158U voltage source FUFDUTEWIN node 14

G0N

.+ Note: We analyze a circuit with the

4 supernode using the same three steps
mentioned above except that the
supernode are treated differently.

16




3.3 Nodal Analysis with Voltage Sources (4)

Note: Properties of a supernode.

* The voltage source inside the supernode
provides a constraint equation needed to solve
for the node voltages.

* A supernode has no voltage of its own.

* A supernode requires the application of both
KCL and KVL.



3.3 Nodal Analysis with Voltage Sources (2)

10 Q
——AWW——

/2—_V\
My N2
N

%
\/
2 A 2 Q 4 Q 7 A

—_

How to handle the 2V vol%age source with Nodal Analysis?



3.3 Nodal Analysis with Voltage Sources (5)

10 Q

Ex.5 Find the node voltages.

Super-node => 2-i,-i,-7 =0

o
||I

(b)

Apply KVL=>v,—v,—2=0
v,=-7.333V,v,=-5.333V 19



3.3 Nodal Analysis with Voltage Sources (6)

Ex.6 Find the node voltages in the circuit of Fig.

4 Q %1@

20



3.3 Nodal Analysis with Voltage Sources (7)

0 30
A
+’v\M + v, -
WA
p T Vg - -
N | O ®

60Q | °
|

i V3 Loop 2 Vg |
| A I
: |

i"1 @ "2i

v,—20-v,=0 v;—=3v.—v,=0

=26.67V,v,=6.667V, v,=173.33V, v, =-46.67V =



3.4 Mesh Analysis (1)

Steps:

1. Assign mesh currents /, /,,... to the meshes.

2. Apply KVL to each of the meshes. Use Ohm'’s law to express the
voltages in terms of the mesh currents.

3. Solve the resulting equations to get the mesh currents.

50
ply KVL at mesh 1 : =15 +5i1 +10(i] — ip) +10 =0 ——0A— SO

£
ly KVL at mesh 2 : — 10 +10(ip — i1)+6ir+4ir=0 § 10 Q

15v@> M 40

A
i

22




3.4 Mesh Analysis (2)

Ex.7 Circuit with independent voltage sources
I R, Il R,

o (—— = h — < C

AN ANWN—
\ il i2
i @ Ry

f e d
Note:

i, and i, are mesh current (imaginative, not measurable directly)

[, I, and I; are branch current (real, measurable directly) ”

[ =10;,1,=1iy ;=1 -1,



3.4 Mesh Analysis (3)

Ex.8 Use mesh analysis to determine /,

6 Q
MWW

A (i)
© 4!2 8 Q

AMWN——

16v<? (—> <%1oro

—2 —-41li] 16
2 10 -18|liz[ =10
0

—4 -8 18

| =-2.5714 A, i,=-7.7143 A, i, =] =-4.0 A

(0)



Fig.2 (a)

h 0.7 12 Exclude these
elements
6 Q 10 Q
AL ANV

3.5 Mesh Analysis with Current Source (1)

How current sources affect mesh analysis?

Consider the following two possibilities.

CASE 1: When a current source exists only in one
mesh: In Fig.1, for example, we set i, = =5 A and
write a mesh equation for the other mesh in the usual

CASE 2: When a current source exists between two
meshes: Consider the circuit in Fig. (a), for example.
We create a supermesh by excluding the current
source and any elements connected in series with it,
as shown in Fig. (b). Thus,

Applying KCL to node 0 in Fig. (a) gives

ih=1,+t6

Solving both Eqs. above/. 25

i, =-32A, i,=28A



3.5 Mesh Analysis with Current Source (2)

Ex.8 Use mesh analysis to determine i, i,, and /,

8V<‘l‘> @ . A 40
) ges
10

1 -1 o1]id] 14
-2 —4 8 i2=0

2 12 -—el|is| 18

N
(o)}

31.6 MA, iy = 1.4736 A.



)
‘k 3 5 Mesh Analysis with Current
| Source (3)

The properties of a supermesh:

1 The current source in the supermesh

provides the constraint equation.

] A supermesh has no current of its own.

. A supermesh requires the application

of both KVL and KCL.

27



3.6 Nodal Analysis by Inspection (1)

Each of the diagonal terms is the sum of the conductance
connected directly to node 1 or 2,

while the off-diagonal terms are the negatives of the
conductance connected between the nodes.

Each term on the right-hand side is the algebraic sum of the
currents entering the node.

-G, G, + G;

28
. .



3.6 Mesh Analysis by Inspection (2)

Each of the diagonal terms is the sum of the resistances in the
related mesh,

while each of the off-diagonal terms is the negative of the
resistance common to meshes 1 and 2.

Each term on the right-hand side of Eq. is the algebraic sum
taken clockwise of all independent voltage sources in the
related mesh.




3.6 Node Analysis by Inspection (3)
Ex.g Write the nodal voltage equations for the circuit

2A
o) 1,1 1,1, 1
Gi=+4+L-03 Gp=ti+iiyl_y325
U 11 5+10 s 22 5+8+1
1Q Go=dtilil_ 05 gu=Ll+lil_1625
L oA BERTR YT CmTg Ty

The off-diagonal terms are

*—\\\\— 8 W\ —8 A\ —@ Glzz—%:—O.Z, Gis=Gy=0

AD §1OQ (}) 1A g«m 29§ <D4AG21:_0-2»G23=—é=—0.125, Gry=—L =1

Gay=0. Gup=—-0.125. Gs = —% — _0.125

— G41 = 0, G42 = —l, G43 = —0125

—0.2 0 0 17v] [ 3
1.325 —0.125 -1 v, -3
—0.125 05 —0.125 | |vs| | O
~1 —0.125  1.625] lv,] L 6.

30
=5.845V,v;,=3.348V ,v,=7.547 V.



3.6 Mesh Analysis by Inspection (4)

Ex 10 Write the mesh-current equations for the circuit

o -2 =2 0 077T; 4
2 10 -4 -1 -1|]4 6
-2 -4 9 0 0 I —6
0o -1 0 8 =3[l | o

L 0 -1 0 -3 41 [is] L-62 31

‘ i, =0.3829 A, i,=0.2110 A, i, = -0.4878 A, i, =-0.7184 A, i; = -1.986 A.



3.6 Mesh Analysis by Inspection (5)

By inspection, obtain the mesh-current equations for the circuit
50 Q
MWW

20Q

80 Q G—r 20V 60 Q
" 150 =20 0 —80 01 [a] [ 307
-20 65 =30 -15 0 s 0
—0 =30 50 0 —20 i | | -12
80 —15 0 95 of || | 20
L0 0 —20 0 80l [is] L -20.

3470 A, iy =-0.1464 A, i, = 0.8581 A, i; = -0.2866 A.



3.7 Nodal vs Mesh Analysis

» Which method is better or more efficient?
1. *Choose nodal analysis for circuit with fewer nodes than meshes.

*Choose mesh analysis for circuit with fewer meshes than nodes.

*Networks with parallel-connected elements, current sources, or
super-nodes are more suitable for nodal analysis.

*Networks that contain many series connected elements, voltage

sources, or super-meshes are more suitable for mesh analysis.

2. If node voltages are required, applying nodal analysis.

If branch or mesh currents are required, applying mesh analysis.

\__ N
Be familiar with both methods of analysis

A \ ¥

33
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