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I,=5/— 53.13°A

(b) Tofind Z,, : o
Short the voltage source as shown In Fig. E2.46(c¢).
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FIG. E2.46(c)

Therefore, Z, = (3+ {'4)(4 ~ 15)
' 3+j4+4— 5
| 5/53.13°x6.4031/—51.34°
- 7.071/—8.1301°
= 4.5277/9.9201°Q
=4.459 + j0.779Q

(c) The Norton's equivalent circuit is shown in F ig. £.2.46(d).
Zy=4459+/0.779Q

IN=5/-53.13°A ’

2.8 SUPERPOSITION THEOREM
o

Superpozmon tllleorem states that “In a linear circuir consisting of more than oné indeg" o
source, the total current in " . indiv¥
any part of the circuit equals the algebraic sum of the! Giti?

tributions .
contributions of currents produced by each independent source separately”- Sup¢ e

refers to the supe iti . . .
perposition of responses arising from individual sources. It shovd” (i

that this theorem is valid on] ; . is nO

: i the y for a linear circuit. Al ition theorem 15

if the circuit consists of dependent sources - Also, superposition ;
: . 1ined
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Network Reduction and Theorems

[n the process of a.pplying superposition, if a current source has to be deactivated then
it has to be wplw with an open circuit, so that there is no current flow (or I =0) from the
jvated source 1n that branch. Otherwise, if a voltage source has to be deactivated then
it has to be replaced with an short circuit, so that the deactivated source does not produce
any voltage (V.= 0) in that branch.
Consider the circuit shown in Fig. 2.11(a) to illustrate the application of superposition
theorem. A B YA C

JONGY
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H[CR-REIEVE A circuit with conventional current direction

This circuit has two independent sources ¥, and 7, . To analyze the circuit through the
superposition theorem let us first consider only the voltage source ¥, by deactivating the
current source I,. Deactivation of the current source is done through open-circuiting its
terminals C and F as shown in Fig. 2.11(b).

S[eW-RII(9W Independent contribution of voltage source
The current through Z, due to the voltage source V. alone can be calculated as
L

" Z+2 _
Now, to analyze thtl: independent contribution of the current source I, alone, short the

Voltage source terminals A and D as shown in Fig. 2.11(c).

=TYRIE] Independent contribution of current source
The Current flow 7” through Z, due to current source /, alone can be calculated as

g A



N

B CircuitTheory ————

— the superposition theorem, the total current passing thy,,
; 7 and I, can be calculated as

. N
According t o
Z, due to both the sources

‘I"=77+Tll

peda;,

Limitations of Superposition Theorem

It is valid only for linear circuits. o

"It is not valid for unbalanced bridge circuits.

. It is applicable to measure voltage and current, and not power.

. Itis applied only to the circuits containing two or more sources.

Find the current through R, =7.5Q using superposition theorem;
network shown in Fig. E2.47(a).
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Solution

(a) Let the active independent source be
the current source 10A alone. Assigning all
other sources as zero, i.e., short-circuiting the
voltage source 20V, the circuit is redrawn
as shown in Fig. E2.47(b) and further
simplified as shown in Fig. E2.47(c) and
Fig. E2.47(d). Using source transformation,

the 10 A current source in Fig. E2.47(d) is converted into its equivalent voltage sou®
shown in Fig. E2.47(e).
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Applying KVL to this circuit, we get
12.51] - 7.51, =50
=151/ +12.5I! =0
vpon solving Eqn.(1) and(2), we get
=6.25A and I, =3.75A.

sov(®

4y
(2)

Therefore, 159—1, I;=625-3.75=25A

1)
}u: Let the active independent source be the voltage source 20V alone. Assigning all other
su:s as zero, i.e. » Open-circuiting the current source 10A, the circuit is redrawn with the
¢d currents and direction as shown in Fig. E2.47(f).
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N)"in Y
8KVL to the loops, we get

41/~ 21}/ =20 ®
=21/'"+13.51"-1.51=0 o
(5)

=150/ +12.51/=0
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. ¢
\ =105/ + 221! —

W——--
(5), we get
Upon solving Eqn.(3); Eqn.(4) and Eqn.0,
i 1”"’125A andI '=0.75A

fore 17//0__1" ]—1.25 0.75=05A
TherCO ) S

According to superposition theorem,
The total current through R, =7.5Q is

Lio=La+1a=25A+05A=3A

SSULICEEL] Determine the current in the 10QQ resistor by the princi

Ple of superyy
theorem for the circuit shown in Fig. E2.48(a).
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FIG. E2.48(a)

tive, deactivating the remaining sources, i.¢. 0%
ircuit is redrawn as shown in Fig. E2.48(b). L&t
on shown in Fj 1g. E2.48(b).

circuiting the current source the ¢
Currents be I and I, in the directi
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APDlYing KVL to the circuit, we get
For loop 1,

301,'+10(1,'—12')=10

U
401/ —101! =10
For loop 2,

10 +21; +10(1! - I)=o 4)
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_solving Eqn.(1) and Eqn.(2), we get
Upe I;=0.128 A

when the 1A source alone is active,
)

ing the voltage source the circuit ig

deactlvatmg the remaining sources, i.e., short-
ciredt

redrawn as shown in Fig, E2.48(c).
30Q 10Q
———’V\/V\,—\_' — VWV : ______________

§109 ; §29 <D 1A :é

Using source transformation the current source 1 A is converted into
source as shown in Fig. E2.48(c).

Letthe current response in the circuit be 1, and ;' as shown in Fig, E2.48(d).

its equivalent voltage

30Q e ' 20 |
_______ y I
AN Se N
Applying KL to the circuit, we get
401-101=0 5
a
Pd =101+ 221" = -1 7
0 solving Eqn.(1) and(2), we get
"n_
e I;=-0.0513A

i . : ent direction is opposite to the
i ¢ f’btamed result is in negative, the actual curr

\ directiop
‘ ence’ "

c .
*ing 1o Superposition theorem,
]2 = 12’ + 1211
=0.1284+0.0513=0.179A

the total current through the resistor 10 €2,
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