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Topic:-Mesh Analysis (Loop Analysis)

Mesh = A closed loop path which has no smaller loops inside
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Mesh currents are circular currents used for calculation.
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Mesh current (loop current)

Real current is a sum of all mesh currents passing through that point.




Mesh Analysis

Procedure

1. Count the number of meshes. Let the number equal N.

2. Define mesh current on each mesh. Let the values be
11,12, 13, ...

3. Use Kirchoff’s voltage law (KVL) on each mesh,
generating N equations

4. Solve the equations




Example

Use mesh analysis to find the power consumption in the resistor 3
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Mesh current (loop current)




60
42V t% 11 3 12 - 10V
Loop 1 —42+611+ 3(11 — ]2) =0 Equation 1
9I1-312=42

3(12-11)+412-10=0
-3/1+712=10 Equation 2

Loop 2

I1 = 6A, 12 =4A, The current that pass through R 3Q is 6-4 =2A (do
Power =12 W




Example

Use Mesh analysis to find Vx

v




S 3N =12-213 =1

4%

[\51@520 ~7+1(I1-12)+6+2(I1-13)=0
: 11 VN

T b WU2-ID+21243(12-13)=0
=20 4+ 612-373=0

2(I3-11)-6+3(I3-12)+13=0
—21-312+6I3=6

I1=3A,12=2A,1I3=3A

Vx = 3(13-12) = 3V




Supermesh

When there is a current source in the mesh path, we cannot use K
because we do not know the voltage across the current source.

We have to use supermesh, which is a combination of 2 meshes to be a
big mesh, and avoid the inclusion of the current source in the mesh pat
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Example

Use Mesh analysis to find

Vx

2
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(12— 11)+212+3(12—-13)=0

—11+6/2-313=0

Equation from 2™



Supermesh —

+ VX -
— ANV
30

L, I3 Tm

—T+1(I1-12)+3(I3-12)+13=0
I11-412+4]3=" Equation 2

I1-13=7 Equation 3




I1 =9A
12 =2.5A
I3 =2A

Vx = 3(13-12) = -1.5V




Nodal Voltage Method

Nodal voltage analysis applies KCL to find unknown voltages.

A node is the point of connection between two or more branches.

The nodal voltage method is applied as follows:

Step 1 : Convert each voltage source in the network to its equivalent current
source.
Step 2 : Determine the number of nodes within the network.

Step 3 : Pick a reference node, and label each remaining node with a subscripted value of
V2, and so on.

Step 4 : Apply Kirchhoff’s current law at each node except the reference.

Step 5 : Solve the resulting equations to obtain the unknown node voltages.



Nodal Voltage Method

EXAMPLE: Using the nodal voltage method, determine the currents in R, R, and R, in the ci




Nodal Voltage Method

EXAMPLE: Using the nodal voltage method, determine the currents in R, R, and R,, in the ci
Solution:
Step 2 : Determine the number of nodes within the network.

CT) RI:Q2§ | R2§6Q <'>2A
e L

Reference




Nodal Voltage Method

EXAMPLE: Using the nodal voltage method, determine the currents in R, R, and R, in the ci

Solution:

Step 3 : Pick a reference node, and label each remaining node with a
subscripted value of voltage: V1, V2, and so on.

(‘) Ri=02Z RZ60 <v>2A

Reference




Nodal Voltage Method

EXAMPLE: Using the nodal voltage method, determine the currents in R, R, and R, in the ci

Solution:

Step 4 : Apply Kirchhoff’s current law at each node except the reference.

For node 1 :

Applying Kirchhoff’s current law:

AN —T— T =10

4A=1+1
V V V,
and 4A=— L
R, R;
_ 1 V1 T Vz
242 12 £)

§!

"
Q)A R-023

Ry = 120 lb

RZ60 <; 2A

Expanding and rearranging:

)_va
50 129 :

N L

Reference

1
=4
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FOR NODE 2:- Applying Kirchhoff’s current law:

13"‘12 —2A =0

_2A=—I3+Iz
V_V V7
and —2A=—"——+ 2
R R,
 WB-V .V
125} 6 ()

Expanding and rearranging:

1 1 1
VZ(IZQ E 69) V‘(lzﬂ) =

NOW Solve the resulting equations to obtain the unknown node voltages:-
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Solve the resulting equations to obtain the unknown node voltages.

A= =@ - D =21-1=+20 W, = V,=48
1448 1] e o
a1 =20 3| = )3 - (-1)(-24) = 144 - 24 = 120
A2 = J_fi J_f‘Z‘Z — (7)(—24) — (48)(~1) = —168 + 48 = —120
oA _120
TR TI00 T
A2 —120
and V, =—= =—6V

A +20




Now determine the value of currents:-

ha=h=2=10_134
RETLTR T 427
ho=h="2=""—_124
RET27TR, T 46
The minus signs indicate that the current has opposite direction 4 ‘
A
Since Vi 1s greater than V2, the current through R passes from Vi to V. [ll R Mm l I,
Its value is -
R, :m§ R2§6Q 2A
Vi—V, +6—(—=6) +12 4A
R3 ™73 R, +12 12 T T

Reference




EXAMPLE: By using nodal voltage method, find the voltage across the 3  resistor of the circuit

AV m AV

28} 6 Q) 10 Q)

Converting sources and choosing nodes, we have

WV

6 Q)

4A<‘> 220 240 V;;§3Q §IOQ v)O.IA




Resulting in

4A <‘> 220 240

M

6 ()

+
V39§3Q §

10 Q
o
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llVl = ZVZ
— 5V & I8V

Solve the resulting equations
obtain the unknown node vol

Reference

_|+11 =2 v\ L

A=|Tg gl =aDa8) -~ (-2)(=5) =

2= T = ane3) - 48y (-5) = -33
A2 +207




Special cases

CASE 1 1ra voltage source is connected between the reference node and a
nonreference node, we simply set the voltage at the nonreference node equal to
the voltage of the voltage source.

In this circuit, we have 3 node voltages: Vi, Vy,and V5

Here V=10V




Supernode

When there 1s a voltage source 1n the circuit, direct KCL
used because we do not know the current in the voltage
source.Than,We will use the 1dea of supernode.

Supernode 1s the method that combines 2 nodes together whe
KCL. It will include the voltage source within the circle when

KCL. 4()
Y ——
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Vi-vV3 Vi-v2
+ +3+ =
4 3

8 0

96+3V'1-3V3+36+41V1-4V2=0
W1-4V2—-3V3=-132 Equation 1




Vi AVAVAY l
_8A & 10 50 C) -25A

y

oV

V2—V1_3+V3—V1_25+V3—O+ V2-0 i
3 4 5 1

202-201-180+15V3-15V1-1500+12V3+ 6012 =0

=35V1+80F2+27V3=1680  gquation 2
V2—-V3=1 Equation 3




By Solving These three equation :-

TV1-4V2-3V3=-132
=35V1+80V2+27V3=1680

V2—rVi3=1
We will find out:-
V1=-4952V
V2=14.333V

V3=13.333V




Source Transformations

A source transformation is a procedure for transforming one
source into another while retaining the terminal characteristics

of the original source.
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Duality and Dual Circuit

Circuits are said to be when the
characterizing equations of one network can
be obtained from the other by simply
interchanging v and / and interchanging G
and R.

Duality Pairs:

Resistance ¢=) Conductance
Current @ Voltage
Series = Parallel

Etc.
30



The equivalence of the transformed circuits can be verified by
showing that the current flowing in a load resistor connected
between terminals a-b is identical for both circuits.

a @

o
o) r => =% { R

b
Mesh analysis: By current division:
-v+Rj+Ri=0 . _ _Rsis Ry %
R Rs+ R Rs"' R Rs
or = Vs Vs

Re+R 6_)iR:Rs+R




Example: Find the current 7 by reducing the circuit to the right of
terminals a-b to its simplest form using source transformations.

5 3 30 5 a 12
_,W\v C ANN
1

5V 20 3V oV

1.2V
b

-0

step #3: circuit after transforming
the 0.1 A source

0.1A 17

38V

step #4: circuit after combining

the two sources and the series
resistors.

SV

Finally, by Ohm's law:
step#2: combine parallel resistors 1=38/17=0224 A




