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e Nodal Analysis with Voltage Sources:
A supernode is formed by enclosing a (dependent or independent)
voltage source connected between two nonreference nodes and
any elements connected in parallel with it as shown in figure. 3.7.
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Fig. 3.7: A circuit with a supernode

vy = 10V (3.10)
i + iy =13 + Is (3.11a)
Wy— 02 Uy—=Us Ua—0 ¥3—=0

5 + y g e g (3.11b)
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Fig. 3.9: Example 6
Solution:

The supernode contains the 2-V source, nodes | and 2, and the 10-£2
resistor. Applying KCL to the supernode as shown in Fig. 3.10(a) gives

2=dy+iy+ T

Expressing i; and i; in terms of the node voltages

v, — 0 vs — 0
l,) + u4 _L7 => 8.:20"%'”3'*'28

-

or
v, = =20 - 2u, (3.3.1)

To get the relationship between v, and v,, we apply KVL to the circuit
in Fig. 3.10(b). Going around the loop, we obtain

-0 —=24v,=0 =% Us =y + 2 (3.3.2)

From Egs. (3.3.1) and (3.3.2), we write

v, =up + 2= -20 - 2u,
or
ju, = —-22 = v, = —7333V
and v; = v, + 2 = —5.333 V. Note that the 10-{) resistor does not

make any difference because it is connected across the supernode.

24| Page Dr. Mushtag Najeeb




University of Anbar Electric Circuit I/15" Sem.

Second Class
2021-2022

College of Engineering
Dept. of Electrical Engineering

1.3.2- Mesh Analysis:

e A mesh is a loop which does not contain any other loops within it.
e For the circuit in Fig. 3.18, find the branch currents and using
mesh analysis.

I

15V i) @ i 4Q

Fig. 3.18: Example 7
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Solution:
We first obtain the mesh currents using KVL. For mesh 1,
=15 + 5i, + 10(G, — i) + 10=0
or
3i; — 2i; =1 (3.5.1)
For mesh 2,
6i, + 4i, + 10(i, — i) — 10 =0
or
i) = 2ip — 1 (3.5.2)

B METHOD 1 Using the substitution method, we substitute

Eq. (3.5.2) into Eq. (3.5.1), and write
6i, —3—2i,b=1 => ih=1A

-

From Eq. (3.5.2), iy, =2i, — 1 =2 — 1 = 1 A. Thus,

Il=i|=lA, I‘)=i2=lA, I';=l|h=()

- -

B METHOD 2 To use Cramer’s rule, we cast Egs. (3.5.1) and
(3.5.2) in matrix form as

3 =2
—1 2

We obtain the determinants

3 =2
A= =6-2=4
]
-2
z_\.,»—| | =2+2=4 _\,_|_ |=3+1-—4
Thus,
I A ) i
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e Mesh Analysis with Current Sources:
e A supermesh results when two meshes have a (dependent or
independent) current source in common as shown below.

6Q 10Q
AN — AMA————
6Q 10Q
202 DA
20v (F ; > “ -
© & s 1 § = 20v(®) | G) q 240
6A ' '
L/ . ;
g a0 | e
i 0. i N
T Exclude these (b)
(a) elements
—20 + 6i; + 10i, + 4i, = 0
6iy + 14i, = 20 (3.18)
i =10 +6 (3.19)
iy = =32A, is = 2.8 A (3.20)

1.4- Circuit Theorems
1.4.1- Superposition Theorem:
e The superposition principle states that the voltage across (or
current through) an element in a linear circuit is the algebraic

sum of the voltages across (or currents through) that element
due to each independent source acting alone.
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e Use the superposition theorem to find v in the circuit of Fig. 4.6.

8 Q

ANNN

6v () 4Q 3 v

‘ |
!

Fig. 4.6: Example 8

Solution:
Since there are two sources, let

v=uv + v,

where v; and v, are the contributions due to the 6-V voltage source
and the 3-A current source, respectively. To obtain v, we set the current
source to zero, as shown in Fig. 4.7(a). Applying KVL to the loop in
Fig. 4.7(a) gives

8Q Thus,
AN O
L L v, =4i, =2V
6v (* i) 4Q3 i . .
%) @ T_l ' We may also use voltage division to get v, by writing
> g 6) =2V
) = = A
@ =g
8Q 4, To get v,, we set the voltage source to zero, as in Fig. 4.7(b). Using
bl iy current division,
+ A ]
S ¢ 8
405_"3 \D 3A 13—4+8(3)—2A
Hence,
(b) Ur = 4[; =8 V
Figure 4.7 And we find
For Example 4.3: (a) calculating v,
(b) calculating v,. v=0v,+0,=2+8=10V
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1.4.2- Thevenin's Theorem:

e Thevenin's theorem states that a linear two-terminal circuit
can be replaced by an equivalent circuit consisting of a voltage
source Vy, in series with a resistor Ry, , where Vi, is the
open-circuit voltage at the terminals and Ry, is the input or
equivalent resistance at the terminals when the independent
sources are turned off.

e Find the Thevenin equivalent circuit of the circuit shown in Fig.
427, to the left of the terminals a-b. Then find the current
through R, = 6,16,and 36 (.

b

Fig. 4.27: Example 9

Solution:
We find Ry, by turning off the 32-V voltage source (replacing it
with a short circuit) and the 2-A current source (replacing it with an

open circuit). The circuit becomes what is shown in Fig. 4.28(a).
Thus,

4 X 12
Rp=4|12+1= T + 1 =40
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Figure 4.28
For Example 4.8: (a) finding Ry, (b) finding Vi,

To find Vi, consider the circuit in Fig. 4.28(b). Applying mesh
analysis to the two loops, we obtain

=32 + 4i; + 12(i; — ip) = 0, i —2A

%)
I

Solving for i}, we get i; = 0.5 A. Thus,
Vin = 12(i; — i) = 12(0.5 + 2.0) =30V
Alternatively, it is even easier to use nodal analysis. We ignore the

1-Q) resistor since no current flows through it. At the top node, KCL
gives

or
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96 — 3Vqy, + 24 = Voy = Vi =30V

as obtained before. We could also use source transformation to find Vi,
The Thevenin equivalent circuit is shown in Fig. 4.29. The current
through R; is

7= Viw 30
" Rm+R. 4+R,
When R, = 6,
30
I[' =—=3A
10
When R; = 16,
/ & 1.5A
E0 0 T
When R; = 36,
30
I =—=075A
£ 40
40 4
A AAVAY O
* I;
30V (ﬁ) 2’ Ry
b

Figure 4.29
The Thevenin equivalent circuit for
Example 4.8.
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