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4. Technic of Circuit Analysis
(Nodal and Mesh)

4.1 Nodal analysis :

is also known as the node-voltage method.

= Steps to Determine Node Voltages:
1. Convert all voltage sources to current sources.
2. Determine the number of nodes within the network.

3. Select a node as the reference node. And label the remaining nodes as v,
v, and so on.

4. Apply KCL to each node except the reference node .

5. Solve the resulting simultaneous equations to obtain the unknown node
voltages.

Example (4.1) : Calculate the node voltages in the circuit shown in Fig. 4.1(a).
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Figure (4.1): (a) original circuit, (b) circuit for analysis.
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Solution:

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

i|=i3+i3 = 5= - =+

Multiplying each term in the last equation by 4, we obtain
20 = vy — v, + 2u,
or
v, — vy =20
At node 2, we do the same thing and get

Uy — U> 02—0
4 i 6

¥ iy =i +Fis =

Multiplying each term by 12 results in
3v, — 3v, + 120 = 60 + 2v,
or

—3v, + 5v, = 60

- -]

The determinant of the matrix is

3 -1
A= ‘ ‘ =15—-—3=12
-3 5
We now obtain v, and v, as
20 -1
_ﬁ_ 60 50 100+60—13333V
LTAT A T T 12 T
3 20
A, -3 60 180 + 60
Y27 A A 12
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Figure (4.2): (a) original circuit, (b) circuit for analysis.
At node 1,
) Uy = Uy Uy = Us
3 =i, + i, => 3= 4
4 2
Multiplying by 4 and rearranging terms, we get
3vy — 2v; — vy = 12
At node 2,
- S vy — U2 - Uy = U3 v, — 0
Iy =TI = B e ] ’ 4

Muluplying by 8 and rearranging terms, we get
=4u, +Tu, = v3=0
At node 3,

P -l F 2 vy Uy + Uy — Uy 2(vy = vy)
i i = 2i, = -

i e 4 8 2
Multiplying by 8, rearranging terms, and dividing by 3, we get

2v, = 3v;, vy =10
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in matrix form.

3 =2 -1 U 12
—4 7 —1 v, | =1 0
2 =3 1 Us 0
From this, we obtain
A, A, Ay
Ul A s U2 - A s U3 - A
3 =2 -1
A=|-4 7 -1|=
2 =3 1

=21 —-12+4+14—-9-8=10

Similarly, we obtain

A = =8 +0+0—0—236—0=48
B N
L
N+
™~
+
A, = =04+0—-24—-0—-0+48 =24
BN
o+
1+
~~

-+
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Ay = =0+ 144 +0—168 —0—0 = —24
_ ™~
—d 7 e >+
_- .
Thus, we find
A, 48 A, 24
=L=2"-48V, =2 =94y
TN T 0 270 T 10
A3 _24
=23 o oy
TN T 10

4.2 Nodal Analysis with Voltage Sources (special
cases)

Case1: If a voltage source is connected between the reference node and a
nonreference node, we simply set the voltage at the non- reference node equal to the

voltage of the voltage source. In Fig. 4.3, for example,
V1=10 volt

Case2: If the voltage source (dependent or independent) is connected between two
nonreference nodes, the two nonreference nodes form super node; we apply both

KCL and KVL to determine the node voltages.
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4Q
MW Supernode
L
TR L
2Q _l.__/ v —~ .
4l "M T &) U3

or

-0, +5+v3=0 = UV — U3 =15

Example (4.3): Find node voltages in the circuit shown in Fig.(4.4).

10 Q

i 2
+

Figure:(4.4) 2A QD § 20 40Q § G) TA
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2=§ +ih+7
Expressing i; and i> in terms of the node voltages

U|_U U:_ﬂ
4

2= +7 =  8=20, +uv,+28
2 4
ar
Ul=_2n_2[ﬁ'|
_Ul_z‘l'[Jg:O = U2:U1+2
U2:U1‘|‘2=_20_2UI
or

v, = =22 = v, = -7333V

Example (4.4): find the node voltage in figure (4.5)

30
"i’ﬂ\"‘\"'
. + oy
L S ‘___--"3’
) WV UL 60 Ty X
IL\\J. U __'l M\r -\\- & — 4 "J
LS - e
= s S =
203 10a (}) S40 si0
|
Figure (4.5)

Solution: look at figure (4.6 ):

| 7
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30
i
AN
AR + oy -
1 e ¢
i Iy Loop 3
e 60 W T 20V iy 31
Rl R A == ty) N -
- - “ 12 . APM &=
- i3 iy - . + ~ i 6Q + *
Iz *,I5 ‘,14 ' : [

||!—

(a) (b}
figure (4.6)

iy + 10 =i + i,
Expressing this in terms of the node voltages,

CEL ST L S UL
3 2

or
S5vy t v, — vy — 2vy =60
At supernode 3-4,

vy — Uy Us— U by Us

!:1=1I3+,.4+!:5 = 3 = 6 +T+I
or
4v, + 2vs — S5vy — 16U, =0
-, +20+ v, =10 = i — vy =20
For loop 2,

—vy +3v, +uv, =0

But v, = v, — v, so that

vy — vy — 2uy =10

For loop 3.
v, — 3v,+ 6i; —20=0
But 6iy = vy — v, and v, = v, — v4. Hence,

_EU] - U2 + U3 + 2[34 = 2{]
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bv, — vy — 2vy = 80

and

6v, — Svy — l6v, = 40

3 -1 =27[v, 0
6 —1 —2||vs|=180
6 —5 —16] Lv, 40

Using Cramer’s rule gives

3 —1

-2 0o -1 -2
A=|6 —1 -=2|=—18, A, =|80 —1 —2|= —480,
b —5 —16 40 -5 —16
3 0 =2 3 -1 0
A;=|6 80 -—-2|=-3120, Ay, =|6 —1 80| =840
6 40 -—16 6 —5 40
Thus, we arrive at the node voltages as
A, _ —480 A; _ —3120
H=—=——=2667YV, Dy =——= = 17333V,
TOA T -8 A 18
Ay 840
py=—=——=—4667V
A -1

and v, = v, — 20 = 6.667 V.
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4.3 Mesh analysis

*  Mesh analysis is also known as loop analysis or the mesh-current method.
* A mesh is a loop which does not contain any other loops within it.

Steps to Determine Mesh Currents:

1. Assign mesh currents iy, i, ..., i, to the n meshes.

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

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

Example (4.6): find 11,12, and I3 for the circuit in figure (4.7) by using mesh
analysis.

L s0 60
AN A
B
=
= 100
=
15V Cij @ @ <40
+
= 10V
Figure:(4.7)

Solution:

|1o
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We first obtain the mesh currents using KVL. For mesh 1,

—15 + 5i; + 10(i; — i) + 10 =0

or
3i, —2i=1
For mesh 2,
6is + 4is + 10(is — i;) — 10=0
or
i, = 2i — 1
|5J'.3_3_21.3=I = Iz—la"!k
ii=2i,—1=2—1=1A
L= =1A, IL=i,=1A, L=i—i=10

Example (4.7):Use mesh analysis to find the current I, in the circuit of Fig. (4.8).

i iy

—_— ] —=

{Iﬂ
Figure:(4.8) b @ -
< - 9
1002 Su0
: 40
uv (@) (i o

. llﬂ.é q XA
Solution:

11
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We apply KVL to the three meshes in turn. For mesh 1,
=24 + 10(i; — i») + 12(i; —i3) =0
or
11iy — 5i, — 6i3 = 12
For mesh 2,
24i> + 4(is — i3) + 100, — i) =0
or
—5i; + 19i, — 2i3 =0
For mesh 3,

4.!2, + 12{!’4 - .il|_} + 4{!:_’. - jl'_’} = U

But at node A, I, = i; — i, so that
Ay — i) + 12003 —iy) T 43 — i) =0
or

0

11 —5 —67][i 12
-5 19 —2 i | = 0
-1 —1 21 Lis 0

We obtain the determinants as

_!:| - 1‘2 + 21‘_1,

A =
_
_/
_/
=418 — 30 — 10 — 114 — 22 — 50 = 192
Ay, =
_/
_/
/
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=24 + 120 = 144

+

777

Ay = = 60 + 228 = 288
- +
- 19 +
- +

We calculate the mesh currents using Cramer’s rule as

A, 432 A, 144
=—=——=225A, , = —=——= (.75 A,
"TA T 192 27N T 1.2

_&_ﬁ_”ﬁ
BTA 12 ¢

4.4 Mesh Analysis with Current Sources (special
cases )

Case1: When a current source exists only in one mesh: Consider the circuit in Fig. 4.10, for
example. We set i> = -5 A and write a mesh equation for the other mesh in the usual way; that is,

—10 4+ 4i, + 6(i, —in) =0 = i =-2A

40 30
Ay Ay

. . -e
Figure:(4.10) 10V f,:) > 60 f,;) @ 5A

AAA

13
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Case2 : When a current source exists between two meshes: Consider the circuit

in Fig. (4.11)(a), for example. We create a super mesh by excluding the current
source and any elements connected in series with it, as shown in Fig. (4.11)(b). Thus,

602 LT 1082
AAMA — —AANA
o 60 100
h zgzg l'l Vit MM
2 + ! i < . !
! : 20V _) . 1 2 ; 40
'-If:h@ : s
i 0 0
o Exclude these (b)
{a) elements

Figure:(4.11)

A super mesh results when two meshes have a (dependent or independent)
current source in cOmmon.

6i; + 14i, = 20
=i +6
iy = —3.2A, ip=28A

Example (4.8): For the circuit in Fig.(4.12), find i; to i; using mesh analysis.

Figure:(4.12)

14
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Solution:

2 +4is + 8(is —iy) + 6, =0
or
iy + 3i, + 6i; — 4iy, =0
For the independent current source, we apply KCL to node F:
ir=1i +5
For the dependent curent source, we apply KCL to node {:

I.z = J'.3 + 3}’0

But I, = —i,4, hence,
s = i3 — 3i4
Applying KVL in mesh 4,
20 + 8y — i)+ 10=0
or

5]'.4 - 413 = —5

iy =—T5A, @H=-25A, i3=393A, i, =2143A

15
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» Problems.
Q1/ Obtain the node voltages in the circuit of Figure below :
1 6Q o
N
3a (}) 20 7Q ()12
1

Answer: v, = -6 V,v, = —42V.

Q2 / Obtain the node voltages in the circuit of Figure below :

3Q 5
1 AW —(= 3
i
4A D 40 éﬁﬂ
—

Answer: vy =32V, v, = =256 V,u3 = 624 V.

|16
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Q3/ Find V and I for the circuit shown below:

40

6V
-
R

&

_rd'
14Vﬁ’) 3gz§

+
v

i,-

202 %651

=

1

Answer: —400 mV, 2.8 A.

Q4 /find v1 ,v2, and v3 in the figure below (using nodal analysis).

f 2
AMNA
25V 5i
| &) 2 = 4
1.:' S S

Answer: v, = 7608V, v, = —17.39V, vy = 1.6305 V.

Q5/ Calculate the mesh currents i, and i- of the circuit in the

Figure below.

17
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20 90
A AAAA—
120
asv (Tt r'l) Tlaov
) () €
AR Sy y—
40 10

Answer: i, = 2.5 A, i» = 0 A.

Q6/ Using mesh analysis, find I, in the circuit below.

6L
Ny

e
f"T 40 (’) 50

L A

AW
16v (%) @ ?“1@ 10i,

Answer: —4 A,

Q7/ Use mesh analysis to determine 1, i-, and i; in the figure
below:

Answer: i, = 4.632 A, i, = 631.6 mA, i = 1.4736 A.

18
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