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Objectives

e Statement of superposition theorem and its application to a resistive d.c network
containing more than one source in order to find a current through a branch or to
find a voltage across the branch.

L.7.1 Introduction

If the circuit has more than one independent (voltage and/or current) sources, one
way to determine the value of variable (voltage across the resistance or current through a
resistance) is to use nodal or mesh current methods as discussed in detailed in lessons 4
and 5. Alternative method for any linear network, to determine the effect of each
independent source (whether voltage or current) to the value of variable (voltage across
the resistance or current through a resistance) and then the total effects simple added.
This approach is known as the superposition. In lesson-3, it has been discussed the
properties of a linear circuit that satisfy (i) homogeneity property [response of output due
to input=a U(t) equals to a times the response of output due to input=u(t), S(au(t)) =

a S(u(t)) for all a; and u(t)= input to the system] (ii) additive property [that is the
response of U, (t)+U,(t) equals the sum of the response of U (t) and the response of
u,(t), S(u,(t)+u,(t)) = S(u,(t))+S(u,(t)) ]. Both additive and multiplicative properties
of a linear circuit help us to analysis a complicated network. The principle of
superposition can be stated based on these two properties of linear circuits.

L.7.1.1 Statement of superposition theorem

In any linear bilateral network containing two or more independent sources
(voltage or current sources or combination of voltage and current sources ), the resultant
current / voltage in any branch is the algebraic sum of currents / voltages caused by each
independent sources acting along, with all other independent sources being replaced
meanwhile by their respective internal resistances.

Superposition theorem can be explained through a simple resistive network as
shown in fig.7.1 and it has two independent practical voltage sources and one practical
current source.
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Fig. 7.1

One may consider the resistances R, and R, are the internal resistances of the voltage
sources whereas the resistance R, is considered as internal resistance of the current
source. The problem is to determine the response | in the in the resistor R, . The current
| can be obtained from

! " m
I =1 |due to E; (alone) +1 | due to E, (alone) +1 |due to I (alone)

according to the application of the superposition theorem. It may be noted that each
independent source is considered at a time while all other sources are turned off or killed.
To kill a voltage source means the voltage source is replaced by its internal resistance

(i.e. R, or R;;in other words E, or E, should be replaced temporarily by a short circuit)

whereas to kill a current source means to replace the current source by its internal
resistance (i.e. R,; in other words | should be replaced temporarily by an open circuit).

Remarks: Superposition theorem is most often used when it is necessary to determine
the individual contribution of each source to a particular response.

L.7.1.2 Procedure for using the superposition theorem

Step-1: Retain one source at a time in the circuit and replace all other sources with their
internal resistances.

Step-2: Determine the output (current or voltage) due to the single source acting alone
using the techniques discussed in lessons 3 and 4.

Step-3: Repeat steps 1 and 2 for each of the other independent sources.

Step-4: Find the total contribution by adding algebraically all the contributions due to the
independent sources.
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L.7.2 Application of superposition theorem

Example- L.7.1 Consider the network shown in fig. 7.2(a). Calculate I, and V,, using
superposition theorem.

R, =30}
R,~10} : R, =40}
' ¢—— A WA—4
q‘ [Ib
ZA
I
V.= 3volt =, ki ()T
2
Fig. 7.2(a)

Solution: Voltage Source Only (retain one source at a time):
First consider the voltage source V, that acts only in the circuit and the current

source is replaced by its internal resistance ( in this case internal resistance is infinite

(o0)). The corresponding circuit diagram is shown in fig.7.2(b) and calculate the current
flowing through the ‘a-b’ branch.
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s 40
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=

Fig. 7.2(b)
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7 23
Req Z[(Rac +RCb)H Rab]+ Rbg =§+2=_

8
| = % A=1.043A; Now current through a to b, is given by
8
7 24

[, =—x—=0913A
ab 8 23 (atOb)

|, =1.043-0.913=0.13A

Voltage across c-g terminal :

Vig =V +V =2x1.043+4x0.13=2.61volts (Note: we are moving opposite to the

direction of current flow and this indicates there is rise in potential). Note ‘C’ is higher
potential than ‘g .

Current source only (retain one source at a time):
Now consider the current source |, =2 A only and the voltage source V, is replaced by its

internal resistance which is zero in the present case. The corresponding the simplified
circuit diagram is shown below (see fig.7.2(c)& fig.7.2(d)).

an
b
L —— A WA—3

142 5 4401

|

sh
0 (T IA
- = *
Fig. 7.2(¢)
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Fig. 7.2(d)

Current in the following branches:
(14/3)x2

3Qresistor = =
/3)+3

1.217A;  4Qresistor=2-1.217=0.783A

1Q resistor = (%)x0.783 =0.522A (b toa)

Voltage across 3Q) resistor (¢ & g terminals) V,, =1.217x3 =3.651volts

The total current flowing through 1Q resistor (due to the both sources) fromatob =
0.913 (due to voltage source only; current flowing from ‘@’ to ‘b”) — 0.522 ( due to
current source only; current flowing from ‘b’to ‘a’) =0.391A.

Total voltage across the current source V,, =2.61volt (due to voltage source ; ‘C’ is

higher potential than ‘g’) + 3.651volt (due to current source only; ‘C’ is higher
potential than ‘g *) = 6.26volt .

Example L.7.2 For the circuit shown in fig.7.3(a), the value of V,, and I, are fixed.
When V,, =0, the current | =4 A. Find the value of | when V_, =32V .

B 6Ll
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I
=,
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Fig. 7.3(a)
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Solution: Let us assume that the current flowing 6Q resistors due to the voltage and
current sources are given by (assume circuit linearity)

— . 4 m
I _avsl +ﬂvsz +77|s - I(due toVg;) + I(due to Vs, + I(due to lg) (71)

where the parametersa, f, and n represent the positive constant numbers. The
parameters « and £ are the total conductance of the circuit when each voltage source

acting alone in the circuit and the remaining sources are replaced by their internal
resistances. On the other hand, the parameter 7 represents the total resistance of the

circuit when the current source acting alone in the circuit and the remaining voltage
sources are replaced by their internal resistances. The expression (7.1) for current | is
basically written from the concept of superposition theorem.

From the first condition of the problem statement one can write an expression as (when
the voltage source V,; and the current source | acting jointly in the circuit and the other

voltage source V, is not present in the circuit.)
4=1=aV,+nl; =y v, + e 01, (Note both the sources are fixed) (7.2)

Let us assume the current following through the 6 Q resistor when all the sources acting
in the circuit with V, =32V is given by the expression (7.1). Now, one can determine
the current following through 6Q resistor when the voltage source V,, =32V acting

alone in the circuit and the other sources are replaced by their internal resistances. For the
circuit shown in fig.7.3 (b), the current delivered by the voltage source to the 6 Q resistor

is given by
B4} 64}

—>1

442

20}

i
Vo

. Var

Fig. 7.3(b)
V, 32

| =—S2 = % _4A
'R, (8]18)+4

€q

(7.3)

The current following through the 6 due to the voltage source Vg, =32V only is 2 A

(flowing from left to right; ie. in the direction as indicated in the figure 7.3(b)). Using
equation (7.1), the total current | flowing the 6 Q resistor can be obtained as
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_ U " " _ ' " "
I _avsl +ﬁvsz +77|s - I(due to V) + I(due to Vs, + I(due tolg) — [I(due to V) + I(due to Is):|+ I(due to Vs,

=4 A+2A=6A (note: |(y. oy, + e, =4 A (seeeq. 7.2)

Example L.7.3: Calculate the current |, flowing through the resistor3Q as shown in
fig.7.4(a), using the superposition theorem.

. “I"ﬁ 30 p 20
]

| é W VWA
ply !

b
l —— 2 volt

3A

:—__ 1 volt

}
112

Fig. 7.4 (a)

Solution: Assume that the current source 3 A ( left to the 1volt source) is acting alone in

the circuit and the internal resistances replace the other sources. The current flowing
through 3Q resistor can be obtained from fig.7.4(b)

" Ay b 20}
VW ——a—"-A\
.ﬁ- I'I
JA
g 20}

Fig. 7.4 (b)

and it is given by
2 6

Il(due to 3A current source) 3x 7 :7 A( ato b) (74)
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Current flowing through 3Q resistor due to 2V source (only) can be obtained from
fig.7.4(c)

2 volt [,=0
- | + i — b
o—| AWVE—e— A
34} 211
211

Fig. 7.4 (¢)

and it is seen from no current is flowing.

| ~0A(atob) (7.5)

2(due to 2V voltage source)

Current through 3Q resistor due to 1V voltage source only (see fig.7.3(d)) is given by

20}
a Jik b
o M—— - MW——
F 1,
24}
L1
_‘_F
O

Fig. 7.4 (d)

| %A(b to a) (7.6)

3(due to 1V voltage source) =

Current through 3Q resistor due to 3 A current source only (see fig.7.3(e)) is obtained
by
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——MA———— M
20 l IA
[EN
Fig. 7.4 (e)
2 6
I4(due to 3A current source) 3x 7: 7 A( ato b) (77)

Current through 3Q resistor due to 2V voltage source only (see fig.7.3(f)) is given by

4 30 20

— . ,M/\__I
s el P i
Illg A Pt

Fig. 7.4 (1)

| %A(b to a) (7.8)

5(due to 2V voltage source) =

Resultant current |, flowing through 3 Q resistor due to the combination of all sources is

obtained by the following expression (the algebraic sum of all currents obtained in eqgs.
(7.4)-(7.8) with proper direction of currents)

Iab = Il(due to 3 A current source) + I2(due to 2V voltage source) + I3(due to 1V voltage source) + I4(due to 3 A current source)
+ I 5(due to 2V voltage source)
6 1 6 2 9
=—+0-—+———=2=1.285(atoh)
7 7 7 7 7
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L.7.3 Limitations of superposition Theorem

e Superposition theorem doesn’t work for power calculation. Because power
calculations involve either the product of voltage and current, the square of
current or the square of the voltage, they are not linear operations. This statement
can be explained with a simple example as given below.

Example: Consider the circuit diagram as shown in fig.7.5.

126}

_\N'\vﬁ_

+
12V = = 12V

Fig. 7.5

Using superposition theorem one can find the resultant current flowing through 12Q

resistor is zero and consequently power consumed by the resistor is also zero. For power
consumed in an any resistive element of a network can not be computed using
superposition theorem. Note that the power consumed by each individual source is given

by
I:)Wl(due to 12V source (left)) =12 Wa‘ttS; I:)W 2(due to 12V source(right)) =12 watts

The total power consumed by 12 Q =24 watts (applying superposition theorem). This
result is wrong conceptually. In fact, we may use the superposition theorem to find a
current in any branch or a voltage across any branch, from which power is then can be
calculated.

e Superposition theorem can not be applied for non linear circuit ( Diodes or
Transistors ).
e This method has weaknesses:- In order to calculate load current I, or the load

voltage V| for the several choices of load resistance R, of the resistive network ,

one needs to solve for every source voltage and current, perhaps several times.
With the simple circuit, this is fairly easy but in a large circuit this method
becomes an painful experience.

L.7.4 Test Your Understanding [Marks: 40]
T.7.1 When using the superposition theorem, to find the current produced
independently by one voltage source, the other voltage source(s) must be ----------- and
the current source(s) must be -------------- . [2]
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T.7.2 For a linear circuit with independent sources p,, p,, P;......... p, and if y; is the

response of the circuit to source p;, with all other independent sources set to zero), then

resultant response Yy =:-------- . [1]
T.7.3 Use superposition theorem to find the value of the voltage v, in fig.7.6. [8]
6w
10012 +

VW |

- é 1004
2 v 10082
Wy : % Tﬁll mA

Fig. 7.6
(Ans. 14volts)

T.7.4 For the circuit shown in fig.7.7, calculate the value of source current I, that
yields | =0 if V, and V. are kept fixed at 7V and 28V . [7]

I 124} k19
=W W——

i "2 (= =

Fig. 7.7

(Ans. |, =—5.833A)

T.7.5 For the circuit shown below (see fig.7.8), it follows from linearly that we can
write V,, =al,+pV,+nV,, where a, 3, and n are constants. Find the values of

(i) (i) e (ii) B and (iii) 7. [7]
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411 4412 g 412 41}

|
. =
I, ——_Va —— ¥
b
Fig. 7.8

(Ans. a=-1; £=0.063; and 7=—0.063)

T.7.6 Using superposition theorem, find the current i through 5Q resistor as shown in
fig.7.9. [8]

Fig. 7.9
(Ans. —0.538A)

T.7.7 Consider the circuit of fig.7.10
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BoL2
T s0L2 BOLY  You

Fig. 7.10
(a) Find the linear relationship between V_,
(b) If V, =10V and I, =1, find V,

(c) What is the effect of doubling all resistance values on the coefficients of the linear
relationship found in part (a)? [7]

(Ans. (a) V,, =0.3333V, +6.666 1_; (b)V,, =9.999V (c) V,, =0.3333V, +13.332l,)

and input sources V, and I

ut
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