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Mesh Current Analysis

& &

Formula and Example

The mesh current method is a network analysis technique where mesh (or loop) current directions are
assigned arbitrarily, and then Kirchhoff’s voltage law (KVL) and Ohm’s law are applied
systematically to solve for the unknown currents and voltages.

MAXWELL'S LOOP CURRENT METHOD
(MESH ANALYSIS)

Statement:-
This method determines branch currents and voltages across the elements of a network.
Method:-

I.Here, instead of taking branch currents (as in Kickoff’s law) loop currents are takenwhich
are assumed to flow in the clockwise direction.

2. Branch currents can be found in terms of loop currents
3.Sign conventions for the IR drops and battery emfs are the same as for Kickoff’s law.

4. This method is easy if all the sources are given as voltage sluices. If theie is a currents source
present in a network then convert it into equivalent voltage sluice.
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Example:-

Consider a network as shown in Fig. below. It contains three £| ' . L LE
meshes. Let I, , I and I5 are themesh currents of three meshes T h é"-‘- 2 §R5 3 T
Aivantad in ~Alanlbwrica

D c F H
BBl —~R ) = 0 o B+ R)-LR—E =0 ...loop 1
Similarly,  —LR, —Rs (I, -I,) —R, (I, -1,) = 0
or LR~ (R,+R,+Rs)+LRs = 0 ...loop 2
Also —LRy, —E, —Rs (I; -L,) = 0 or LRs—I; R;+ Rs)—E, =0 ..loop 3

Notc: When we consider mesh-1, the currents 1, is gieatei than I,. So, cuiient thiough R, is I;-I,. Similaily,

when we consider mesh-2, the cuiient I, is gieatei than I and I5. So, cuiient thiough Ry4is I, —1I,. and the
cuiient thiough Rsis 1, — 1.

Mesh Analysis | Ex@mPle

Using Matrix Form

___ Write the impedance matrix of the network shown in Fig. 2.53 and find the
value of current I. (Network Analysis A.MLLE. Sec. B.W. 1980)

Solution. Different items of the mesh-resistance matrix [R ] are as under :

Ry=1+3+2=6Q;Ry,=2+1+4=TQ;R;;=3+2+1=6Q;

R,=Ry=-2Q:Ry; =Ry, =-1Q:R;=R;, =-3Q:
E,;=+5VE,=0;E,=0.

The mesh equations in the matrix form are
Ry, R, Ryl|] E 6 -2 -3(|1L| |5
Ry Ry Ry||L| = |Ey|or|=-2 7 —1|{L|=|0
Ry Ry Ryl E; -3 -1 6]|L 0
. 6 -2 -3

A= |-2 7 -1|=6@42-D+2(-12-3)-3@2+21)=147
-3 -1 6 ‘
[ 6 -2 §

A= (-2 7 0|=6+2(5)-3-35=121 ,
3 1 5V

L = aya=12l_og3a

3 V'Y
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Example Determine the current supplied by each battery in the circuit shown in Fig. 2.54.
(Electrical Engg. Aligarh Univ.)

Solution. Since there are three meshes. let the three loop currents be shown in Fig. 2.51.

8Q
Wnr —r AW
Bl; %3 o _j3ov
T20v, 1sv 1
33
Fig. 2.54
For loop 1 we get
20-55, -3 (I, -L)-5=0 or 8 -3 =15 ()
For loop 2 we have
AL+ 52, -L)+5+5-3(,~-1)=0 or 3I -9, +2I,=-15 (i)
Similarly. for loop 3. we get
-8, -30 -5 —2(I, -I,) = 0 or 2I,-10I, = 35 (i)
Eliminating 7, from (7) and (i7). we get 631, —16I; =165 (V)
Similarly. for I, from (iif) and (iv). we have I, =542/299 A
From (iv). I; =-1875/598 A
Substituting the value of I, in (7). we get I, =765/299 A
Example
Discharge current of B, = 765/299A
Charging current of B, = I,-I,=220/299 A
Discharge current of B, = I, +I;=2965/598 A
Discharge current of B, = I,=545/299 A: Discharge current of B; = 1875/598 A

Solution by Using Mesh Resistance Matrix.

The different items of the mesh-resistance matrix [R,,] are as under :
R,;=5+3=8QR),,=4+2+3=9QR;=8+2=10Q
R,=Ry=-3Q:R;=R;;=0:R,;=Ry;, =-2Q

E, = algebraic sum of the voltages around mesh () =20 -5=15V
E,=5+5+5=15V ;E;=-30-5=-35V
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Example
Hence. the mesh equations in the matrix form are

Ry Ry Ryl E, 8 -3 0flf 15
B B Ballis| = |B| ]38 9 —2||&|=| 15
Bq Bs Rullls E, 0 -2 10]|5]| |-35
| 8 -3 »
A=1|-3 9 —2|=890—-4)+3(-30)=598
0 -2 10
15 -3 0
A= | 15 9 —2[=1500-4)-15-30)-35(6)=1530
-35 -2 10
8 15 0
A, = |-3 15 —2|=8(150-70)+ 3(150+ 0)=1090
- 0 =35 10
8 -3 15
Ay = =3 9 15[=8(-315+30)+3(105+30)=—1875
0 =2 —35
A, _1530 _ 765 A, 1090 _545 , ., _A; 1875
Il = —_—=——= y m=——=— = 'Ii=_= A
A 598 299 A 598 299 A 598
Home Work
1. Find the ammeter current in Fig. 2.57 by using loop analysis. (177 A]
2. Using mesh analysis, determine the voltage across the 10 kQ resistor at terminals a-b of the circuit
shown in F1g. 2.58. [2.65V]
3. Apply loop current method to find loop currents I, I, and I; in the circuit of Fig. 2.59.
(I, =375 A, 1: =0,I;=1.25A]
1K
{%V " WWL
2 2K
10K
4\7"_ 10 §10K
p 10 2K ( 100 V 50 v
10 1K
MW AN
Flg. 2.57 Flg. 2.58 Flg. 2.59
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MESH ANALYSIS WITH CURRENT SOURCES e
Case 1 10V @ 6Q Q OR

| Current source exist only in

60 e 10Q
one mesh MM — AW
| One mesh variable is reduced . .
| | 60 +14i, =20
Case 2 wv(@ (W) | NOE
| Current source exists between L 6A ’ LW —1,= —6
two meshes, a super-mesh is Py
obtained. i e 0.
T Exclude these 60 100
(a) elements A A

a supermesh results when two
meshes have a (dependent , ov@® | (i 5) | Saq
independent) current source in © 3 q q §

common. Tt

()
Example For the circuit in Fig. 3.24, find J; to i, using mesh analysis.
2Q
2i1 + 4i3 + 8(i3 — ia) + 6i2 = 0 0
af| 5
i1—i2=-5 al ! @ 40 Q
, 3 3 wfl ¢ s : 1
iz —i3= = —3i4 : :
? 6Q S ! q 1> 31, Q } §8§2 @ Ct 10V
204+ 84— i3 =—10
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Home Work
Write the mesh current equations in Figure below.

5Q

20 ﬁx 20
ANV ¢ AN
20
@ 4Q§
v (*
AV AN
4Q§ @ 3Q is @)6\/

9 -2 -2 0 0T ]
{—2 10 -4 -1 =1 }i,
-2 -4 9 0 0 |i
‘ 0 -1 0 8 -3
Lo -1 0 -3 4_|L£'5J

[ 4]

{6
_|_gl

{o
—6j
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Nodal Analysis

Nodal analysis is used for solving any electrical network, and it is
defined as the mathematical method for calculating the voltage

distribution between the circuit nodes.

This method is also known as the node-voltage method since the node
voltages are with respect to the ground. The following are the three
laws that define the equation related to the voltage that is measured

between each circuit node:

Ohm’s law
Kirchhoff’s voltage law
Kirchhoff’s current law

NODAL ANALYSIS

Steps to Determine Node Voltages:
1. Select a node as the reference node. Assign voltage vy, vy, --.Vv,_¢ to the

rerrglaining n-1 nodes. The voltages are referenced with respect to the reference
node.

2. Apply KCL to each of the n-1 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.

Common symbols for indicating a reference node,
(a) common ground,

(b) ground,
(c) chassis.
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NODAL ANALYSIS

Typical circuit for nodal analysis

— 12
Il:[z+i1+ () | @ '
.=V L p b
I = or i =Gv gy [t B2 |
1 1 R, 1 11 : *ilw }213
l,zzvl—vz or i B CD §R, §R3
j — —higher ~ Viower R,
R l':‘_)Z_ =
’ ()
=1 =1 +04+0" %
1 R,
]2
J TV -
2 R, R, ) LI "
—VWWy )
=>hLh-L=Givi+G2(vi—W) Vi {is

L=-Gx(vi—»)+G3»

s M e

}
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Example Calculus the node voltage in the circuit shown in Fig. 3.3(a) &
p oy
At node 1 L =1, +i, 4Q 2
vi—v2 vi—0 ! o
=35= +
4 2 2032 603 (1) 104
=
Atnode 2 . . . . A T
Lty =1+ @ b
V, =V, Vz_O J'“:S ?i1=5 B
=5= + i iy=10
4 6 — 4Q () -
V) AW
In matrix form: . N
11 1 e oy
4+ - 20 6Q 10 A
>t s VJZH : ENC
BN AN I E
4 6 4 T
4Q
Example Determine the voltage at the nodes in Fig. 3.5(a) _ e
o0 2 8Q
Atnodel, 3 =i +i, Atnode2 i =i, +i, S A
3T W —V2:V2—V3+V2—0 3a (D) 10 D 2,
2 8 4 0
T
Atnode 3 i +i,=2i i
- 4Q
VI— V3 V2= V3 _2(vi—w2) AAAA-
4 S 2 Ti'l' 4 iy i *il
. 20 Uy g 382 "
In matrix form: v AARA, —AAAA w1
[ 3 1 1] ~a b5 necll PR
S L : sat| i |46
4 2 4 [vl 3 E 0 2
(_ ~ v]Jol 3A_‘D §4Q S 2,
| 2 % ] || 2| |
3 9 3wl T
14 s s8] -
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NODAL ANALYSIS WITH VOLTAGE SOURCES

Case 1: The voltage source is connected between
a nonreference node and the reference node: The

nonreference node voltage is equal to the 40
magnitude of voltage source and the number of Rl Supernode
unknown nonreference nodes is reduced by one. / ‘1;
Case 2: The voltage source is connected between 20 % ;i .
two nonreferenced nodes: a generalized node " oL W o
(supernode) is formed. _ * st ‘
5] I3
Fig. 3.7 A circuit with a supernode. oV @) § - § -
Example For the circuit shown, find the node voltages.
10 Q
MMV
2—7—i29—i4_(1=0
v < ¥ v
I 2
v, v £
2-7-5 =% =0 &
\—,—/

2vi +v2 = =20+ (1) 2AG> gZQ

and

V1 — V2 = —2 - (2)

BASIC
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Example

At suopernode 1-2,

v1
2

Vi — V4

3

V2 — V3

6

10

v1—v2 =20

At supernode 3-4,

U3

+m
4

+v3—vz
1

6

V4 — V1
3 =0

v3 — v4 = 3vx = 3(v1 — v4)

Find the node voltages in the circuit of Fig. 3.12.

30
AW
______ + v~ e ——
N 3y
11— WA E—4

2A
Home Work &
Write the node voltage matrix equations in Figure below. <
1Q
AW
4 S Q ijz 8 Q 1)3 8 Q U4
A AN A

3A CD

0.3 -0.2

0 0 Tv ]
-0.2 1.325 —-0.125 —1 Iv2 |
0 -0.125 05 —0.125 | v3
0 -1 ~0.125  1.625 v, | |
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SOURCE CONVERSION

A given voltage source with a series resistance can be converted into (or replaced by)
and equivalent current source with a parallel resistance.
This current is [ = V/R

Conversely, a current source with a parallel resistance can be converted into a voltage

source with a series resistance.

The voltage source of voltage V = IR

10

0 b 0 b
Example Use source transformation to find v, in the circuit in Figure
2Q 3Q 4Q 20
AAM
- +
1032 3a(y) 82y 12V i R Pl
@
we use current division in Figure (c) to get .
2 2A 60 842 t 3Q
i=" (2)=04A )
248
(b)
and
Vo =8i =8(0.4)=3.2V i,
8Q s 4 2A
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Example Find v, in Figure below using source transformation

Applying KVL around the loop in Figure (b) gives

—3+5i+vx+18=0 or 15+5i+wvx=0 M6 203 % ) 18v

Appling KVL to the loop containing only the 3V voltage
source, the 1Q resistor, and vy yields _

3+ 1li+vx=0>ve=3—1i &>
Substituting this into first Equation, we obtain 3A 20 203y @) 18V

154+5i+3—-i=0 or 4i=-18 = i =—45A
Alternatively

thus
vx=3—1=75V
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