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Linearity property

A linear circuit 1s one whose output 1s linearly related (or directly proportional)
to 1ts mput.

* A linear circuit consists of only linear elements, linear dependent sources, and
independent sources.

* In general, a circuit 1s linear if it 1s both additive and homogeneous

Two properties to be a linear Circuit

1. Homogenity property(Scaling)
2. Additive property
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Linearity property

1. Homogenity property(Scaling)

* V=IR
c V=IR
* KV = KIiR

The homogeneity property requires that if the input (also called the excitation) 1s multiplied
by a constant, then the output (also called the response) 1s multiplied by the same constant.
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Linearity property

1. Additive property

2 V1 — llR
¢ Vz . lzR
o V& (i1+i2)R= V1+V2

Resistor 1s a linear element because the voltage-current relationship satisfies
both the homogeneity and the additivity properties.
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Linearity property

For the circuit in Fig. 4.2, find /, when vy = 12V and vy = 24 V.\

Example 4.1 * Uy =20 0 I, =1
20 8 Q) Let v, = 12V Answer
- % Mesh Equation — 1 I, = i, = 0.1578A
e 40 32 _ jLLZ:]SZ::(()) Similiarly for v, = 24V
642 § @ 120 — 4y = —12 I, =i, =0.3157A

3v,  Mesh Equation — 2

e 16i, —4i; —vy—3v, =0

e 16i, —4i; —12-3X2i; =0
Figure 4.2 e 16i, —4i;, —12—6i;, =0
For Example 4.1.  16i, —10i; =12




Superposition Theorm

The superposition principle states that the voltage across (or current through) an element in
a linear circuit 1s the algebraic sum of the voltages across (or currents through) that element
due to each independent source acting alone.
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Superposition Theorm

Steps to Apply Superposition Principle:

1. Turn off all independent sources except one source. Find the output (voltage
or current) due to that active source using the techniques before.

2. Repeat step 1 for each of the other independent sources.

3. Find the total contribution by adding algebraically all the contributions due to

the independent sources.
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Superposition Theorm

Using Superposition theorm determine v.

8 Q
VWV

i

40 jvz () 3a

(b)

Figure 4.7
For Example 4.3: (a) calculating v/,
(b) calculating v,.

Thus,
Ul - 411 = ZV

We may also use voltage division to get vy by writing

4
- =2V
Uy 4+8()

To get v,, we set the voltage source to zero, as in Fig. 4.7(b). Using
current division,

8
i3 =m(3} =2A
Hence,
vy =4i; =8V
And we find
v=v,+tuv,=2+8=10V




Superposition Theorm

Using the superposition theorem, find v, in the circuit of Fig. 4.8

- 5o Try Yourself

AN ——
yﬂ%zg (H)sa () nv Ans: 74V

5 2
— X 5X — X 12=7.
10 5 2+10 12=74
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Superposition Theorm

Using Superposition theorm determine i. ’jﬁv m m ¢
*il o !
12v (%) §3n — 2v () §m
UV oq ]
G —WNW———
\ v
40 10 UV g 8 Q
;f (i)
40 . 40 40 ¥ 40 \
12V i’) 30 G 3A R TP N B IV
(5) §e R

(b) (c)
Figure 4.13

I For Example 4.5.



Superposition Theorm

In this case, we have three sources. Let

I.=I.]+I-g‘|—l-3

30 12
| = =2 A
b "

Req = (8 +4)[|4 = 30




Superposition Theorm

24V g0
—G—AV‘M— T::: get iy, consider the circuit in Fig. 4.13(b). Applying mesh analysis
gives
10 @ 410 16i, — 4ip +24 =10 = 4i, — ip = —6 (4.5.1)
, Ti, —4i, =0 —> i, = %ib (4.5.2)
@ 30
T Substituting Eqg. (4.5.2) into Eq. (4.5.1) gives




Superposition Theorm

To get i3, consider the circuit in Fig. 4.13(c). Using nodal analysis gives

Uz Uy — U

3=—+ =  24=3v,—2v; (45.3)
8 4
Uy — U v v 10
2 Z L = Tl + ?1 = = 5U (4.5.4)



Superposition Theorm

o)
AV
40 40 3iQ
AV A AV ;
bl r i, =24
12v(* 310 — 12v (¥ 30
(a) l3 = 1A
24V 80 8 0
G —wwn AW
40 @ 40 a0 5 40 | Thus,
AR & AMAN, —'VW"V—"—T—‘WV‘-.-—-'— 9
B B =i +tih+i2=2—-1+1=
@ §m ; §m o i=i+ti+tiz=2—1+1=2A




Source Transformation

A source transformation 1s the process of replacing a voltage source vs 1n series with
a resistor R by a current source is in parallel with a resistor R, or vice versa.

—'\/\}/e\/\,—o a O a '\/\If\m O a O a
46 — @ e O P i
O b O b ob °b
Figure 4.15 Figure 4.16

Transformation of independent source« Iranstormation of dependent sources.

U, = IR or I, = —




Source Transformation

Use source transformation to find v, in the circuit of Fig. 4.17.

2Q 3Q

4 € 3A 12V

Figure 4.17
For Example 4.6.
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Source Transformation

2Q 30 4 Q) 2 Q)

AMAA AMAM — \VWWA— AW
w0 @ wiv @nv 2V () SQ%;Q %m T

Figure 4.17
For Example 4.6.




Source Transformation

I * We use current division in Fig. 4.18(c) to get

30 < o, 20 oA P
=% )= 04A
- L=

and
©) v, = 8 = 8(0.4) = 32V

Alternatively, since the 8-() and 2-() resistors in Fig. 4.18(c) are
in parallel, they have the same voltage v, across them. Hence,

8 X 2
v, = (8 2)2A) = 7(2) =32V
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Source Transformation

Find v, 1n Fig. 4.20 using source transtormation.

Example 4.7
40
—AMMN——
- 0.252,
AN
MWV <
+
6v (%) 29%‘& () 18V
Figure 4.20
For Example 4.7.
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Source Transformation

40
— AW
o 0.250,
AN
AW -
<
+

@ 20 %

3V@

() 18V
| Q2
— AW
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Source Transformation

Z.UI

1 € 4 Q)
X O 345 +uv.+18=0 4.7.1)
3v (F) " f,) ()18

(b) —3+1li+tv,=0 = v, =3 —1 (4.7.2)
Substituting this into Eq. (4.7.1), we obtain
I5+5%+3—-:1=0 = 1= —45A

Thus, v, =3 —1 =75 V.
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THANK YOU



