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J Linearity is the property of an element describing a linear

relationship between cause (input) and effect (response or
output).

F g
W The linearity property is a combination of both:
» the homogeneity\(scaling))property and

> th@y property
# o



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

J Check the homogeneity for the resistor:
Ohm's law relates the input i to the output v,
v = IR
If the current is increased by a constant k, then the

voltage increases correspondingly by Type equation here.k;
that is,

/

kiR = kv



Linearity Property

U The additivity property requires that the resp'onse to a
sum of inputs is the sum of the responses to each input
applied separately.

U Check the additivity_for the resistor:

("| — f|R
and

then applying (7, + i,) gives

v = (f| + !3)R = !|R + f:R - U + U»




. /7 . : :
O As a conclusion, we say that a resistor is a linear element
because the voltage-current relationship satisfies both the

homogeneity and the additivity properties.

O Also, the capacitors and the inductors are linear elements
because their current-voltage relationship is linear.




Linearity Property

P

d The independent source are linear elements.

J The dependent source is linear if its output current or voltage is
proportional only to the first power of a specified current or
voltage variable in the circuit

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



Linearity Property

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

J A linear circuit is one whose output is linearly related
(or directly proportional) to its input.



Linearity Property  ~

d Example: in the following circuit, it has been found

through some circuit analysis that the current I, = =

76
when v, = 12 V. Ifv, =24V, whatis I, 7?7

20 8 Q
— VWV VWV
. x = I

0

4Q
_ _ 4Q
Vs

3v,




 Techniques that simplify the analysis of linear
circuits:

v Superposition

v' Source Transformation
v" Thevenin's Theorem
v Norton’s Theorem

.

Dr. Yand Khattabi. Electnical Circuits (1) The University of Jordan
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 The superposition is a technique applied to analyze linear
circuits with two or more independent sources.

"y A
 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.

Dr. Yaad Khattabe. Electncal Circuits (1) The University of Jordan
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U To kill (turn off) an independent voltage source, replace it

by S.C

d

OV

0
No voltage drop
across terminals, T
but current can
flow

0

Dr. Yazd Khattabi. Electncal Circuits (I) The University of Jordan
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/

O To kill (turn off) an independent current source, replace it
by O.C.

0
No current
+ flows,buta 4

voltage can
oa(Dr

appear across
= the terminals — I

e o e e - bk e i Mo le. sl e R s Thae =



12V

I +

: 80
40 40
1.
|

Dr. Yazd Khattabi. Electrical Circuits (I). The University of Jordan



Example 4.5

DUPErposIton

Solution:

3Q




mple 4.5 Solution:

24V 30
42\ .
W W mesh analysis
40 G’) 40 16i, — 4i, +24=0 =  di,—ip=—6
— VWV AA'A'A Zmm— . . -
t" Tip — 4i, =0 - la = 7l
2 4
r o
@ 30
T’ i =ip=—1

Dr. Yand Khattabi. Electnical Circuits (I). The University of Jordan



Superposition
iExample 4.5 Solution:

d nodal analysis
w §=-242_ 0 o U=30,-,
AN 3= -
) 10
Y2 — U Ui ol )y = —D
. s - 0 [
gt B Y 3 % 3 3
"
P




o el
30 "
M
| Q §
4A<D hww @—
50 %-m
£
L 4
20V

Dr. Yand Khattabi Electncal Circuits (I) The University of Jordan



L= 0, + i,
. 52
i, =—
17
2102
AW

Dr. Yazd Khattabi. Electrical Circuits (I). The University of Jordan
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Superposition

Example 4.4 Solution:

V4
60 &
l, = ——
17
2Q
O | AN
<
30 3 ‘
5i "
1 Q .
l s <>

g
50 2 (;) 240




Thevenin’s Theorem

Thevenin’s theorem states that a linear two-terminal circuit can be
replaced by an equivalent circuit consisting of a voltage source V4, In
series with a resistor Ry, where V4, is the open-circuit voltage at the
terminals and Ay, Is the input or equivalent resistance at the terminals
when the independent sources are turned off.

P



Thevenin’s Theorem

The original circuit

| / a R
i ) ANWY
Linear +
two-terminal v | Load | =y v, @
circunt -
— e e {} — T —
| W K S=n

Find the Thevenon
equivalent seen

“ How to find V;; and Ry ?? See next

circui!t.

—*

The Thevenin equivalent

Load




Thivenin’s Theorem

JTo find UTH-

Make the terminal a — b open-circuited (by removing the

load), then find v, .

Linear

circuit

two-terminal

O a

/ — 1}
‘J m - U OcC




JdThere are cases to find Ry

B CASE 1 If the network has no dependent sources, we turn off all
independent sources. Ry, i1s the input resistance of the network look-
ing between terminals a and b

: . i . Od
Linear circuit with
all independent R z
sources set equal —
10 Zero o b
The circuit has no P R
dependent sources. So Th = Tin

after killing all
independent sources the
elements left are just

passive elements
Dr. Yand Khattabi  Electnical Circuits (1). The University of Jordan



Thevenin’s Theorem
Example 4.8

Find the Thevenin equivalent circuit of the circuit shown
Then find the current through R; = 6,
rd

4 €

2N 12 Q2




Thevenin’s Theorem
Example 4.8 solution:

40 Vi 1Q
NN M WWWA——0 a
| | +
3:\'@ W) 23 (i) @24 v
: H S - \_ ™

=32+ 41, + 120, — ) = 0, i =—2A
Solving for i), we get i; = 0.5 A,

Vi = 1206, — i) = 1205 + 2.0) = 30V



Thevenin’s Theorem
E@mme 4.8 Solution:

40 1Q
d
P 4
R
4% 12 i "
B =4 2% 1 =—m—% =40 129 -
ob



m
heore
T

’S

in

even

Th

‘ Iy
]
_2 a
4¢
——AAMA

F 4

ion:

lut

So

8

4,

le

mp

Exa

R;
D

30V

30)

‘ Ry

T4+

s

Iy

Q
S

3
30 -
T 10

Iy



Thevenin’s Theorem
Example 4.9

Find the Thevenin equivalent of the circuit at terminals a-b.

3
Uy




Thevenin’s Theorem

Example 4.9 Solution:

Find the Thevenin voltage.
Analyze the circuit using /\>
mesh or nodal. Try nodal: q

¥i ; ¥ ) >
e St F 20 20
Supernode: — + o S | - -
Voltage source gives: Ly ) g
3v, — v, = 0. Solving the sa (@ (T) 103 u q 360 t
two equations gives: -
20 | | | :

v]_:_

3
Vg = 20.
So v, = 20. Or by mesh
analysis: v, =v, = 6i, =20V



Norton’s Theorem

Nortop’s theorem states that a linear two-terminal circuit can be
replaced by an equivalent circuit consisting of a current source /y, in
parallel with a resistor Ry, where /,, is the short-circuit current through
the terminals and Ry, is the input or equivalent resistance at the termi-

nals when the independent sources are tumed off.



Norton’s Theorem

The original circuit The Norton equivalent
I circuit.
— _]_, a i

Linear + \ +
- v | Load | wep @) Zgy v | Load
circuit - 1 J Jl

O— . O

b o h

Find the Norton

equivalent for the linear
two terminal circuit

< How to find Iy and Ry??7 See next...



Norton’s Theorem

* By source transformation we can exchange between
Thevenin and Norton /.

ANMA——
Vm (_P ey N #) Ry
Ry = Ry, - ;'_n
Th

= From this we can also conclude that: Rp, = —— = Ry



Norton’s Theorem

* We find Ry in the same way we find Ry (see the
previous lecture)

Ry = R




* To find I,.
* |tisthe S.C current flowing from terminal a to b.

a
Linear -
two-terminal b
circuit o

b




Norton’S Theorem

Jmmple 4.11 Find the Norton equivalent circuit of the circuit in Fig. 4.39 at

terminals a-b. $Q
AWV O a
1Q L
4 . 2 L\ % 5
Solution A G,) = 2
12V
M o b

80



Example 4.11

Norton’s Theorem

Solution:

¢ | e

Ry=5|8+4+8=5]20==—

= 4 ()

8Q
QT—NVL : O a
~ 'L R'\-
410 :: 50 { -
LR
O wﬂ.‘a“ O h




Solution:

M o
TN
(:‘D 40 2
i =2A,  20i,—4i,—12=0 24 ()
12V -
= 1A =i, =y sa )
b
So, the Norton's equivalent circuit is:
Oa
1a(®) 10

O b

li,‘-=l~



Norton’s Theorem

* For the previous example find the Thevenin equivalent
circuits?

= Solution: two approaches: 30 |
= Approach 1: find ve - . A 2.0 (@) ‘ .
" b [ h’) :-: 4l |
Pl 2A (D) | 50 2 Vin = #,
280, — 4, 12 = 0 — i, 08 A ‘ 12V ,i
i <4 iV / | Hll l -

= Approach 2: use source transformation:



Maximum Power Transfer

* In many practical situations, it is desirable to design
the circuit such that the power delivered to the load
is maximize.

I.:ncar +
two-tcrmunal v Load
circunt




Maximum Power Transfer

» The Theveinin equivalent is useful in finding the maximum power a

linear circuit can deliver to a load. B
- ® tl
» Assume the load has variable resistor. —— AMN———O .
. . I
» The power delivered to the load is: “
r D
" 1 Vm (Z 2’ Ry
2 I'h ¥
p=1RL= ( ) R
Rm + Ry,



Maximum Power Transfer

» Now find R, such that p is maximum:

dp ., [(Rm + R — 2R, (Ry, + Ry ;]
(R + R)*

s [(Ryy, + R, — lR,,)]

| (Rm + R’

=0 &

— U:(Rn,‘fR; —ERJI—'(RI},*R;I




Maximum Power Transfer
Example 4.13

Find the value of R; for maximum power transfer in the circuit

Find the maximum power. 6 Q 30 20
—A A

12y Ct) e ()24 R,

a




6 X 12
Rm=2+3+6]|12=5+ = =9()

642 3Q 2Q
MW AAA; AMWW—O
12 Q
O
6L 3Q 290
MWW MW

Vin =22V 2v @) f.D

+ O

Vo /

For maximum power transfer,

RL=RTI'|=9Q

and the maximum power is



Maximum Power Transfer

Choose a load resistance so tl}at maximum power is
transferred to it, and calculate the actual power absorbed.

300 ()

+
2.5 sin 440t mV (~ ) 17 ke Sk > 5 0.032, 21k R,




Source Tran

A source_transfopmation is the process of replacing a voltage source
V. In series with a resistor £ by a curmrent source /; in parallel with a resis-
tor R, or vice versa.

R
AN O da O da

Vg e | R

O b o b

o : Uy
v, = IR or I, = R

Note: source transformationis not validfor R = 0 or R = oo,
Note: the arrow of the current source is directed toward the positive

‘.-._.-.i_..-.' -:.‘L-. t-..-'l-..-..-- .




J Proof:

—_—
+ g
vy R,
R;
UV = Vs
R.I + RL

The two circuits are electrically equivalent, if

Rx — Rp and Vg = Rpi.\.' _— Rs"'.



Example:

O

3ACP 2 1)
- 0

ﬁvc




Source Transformation

* Source transformation is a powerful tool that allows
circuit manipulations to ease circuit analysis.

= Usually we use it to convert the circuit to be single-
loop or single-node circuit.



Source Transformation

Compute the current through the 4.7 k€2 resistor in Fig. 5.17a after
transforming the 9 mA source into an equivalent voltage source.

4.7k} 3kl

9mACT> %sm—r C‘D.w




Source Transformation

Solution: by source transformation we have.

By KVL: 5kQ) 47kQ 3kO

=45 + 5000/ + 4700/ + 3000/ + 3 =0

- | = 3.307 mA.




Source Transformation
PRACTICE

5.3 For the circuit of Fig. 5.18, compute the current /y through the 47 k€2
resistor after performing a source transformation on the voltage source.

5 k)
AA'AY

5V Cﬁ) !""l 47 k() C1> 1 m{\/

B FIGURE 5.18

Ans: 192 (A



Source Transformation
Example 4.6

Use source transformation to find v, in the circuit
20 3Q




@b
(a)

4+

+
o 6 8Q < v 30 4A 8Q<wu
N /
2 »

= 2) =04

=3+8"? A

v, =8i =804) =32V
Dr. Yazid Khattabi. Electrical Circuits (). The University of Jordan
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Example 4.7 Find v, in Fig. 4.20 using source transformation.

1Q
AMA—

/
0.250,

20
AV * <->
+
<
6V @ 20 3 % @ 1SV




Source Transformation
Example 4.7  solution:

»
vV
4 Q

X

3A 20 20 2, +) 18V




Source Transformation
xample 4.7 Solution:

| m; 40 :"
+
q ) 18V

_/

3+ 5i+u,+18=0 1= —45A

v, =3—i=75V.
-3+ li+v,=0



Source Transformation

17 £}




