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General Objectives:

« Simplifying complex electrical circuits: The theory enables converting a
complex circuit into an equivalent circuit consisting of a current source
and a parallel resistor, making analysis easier.

 Enhancing understanding of relationships between circuit
components: The theory helps in understanding the effect of various
elements on the circuit's performance.

* Improving circuit design efficiency: The theory is used to simplify the
design of electronic and electrical systems by identifying critical
components.

 Facilitating calculations and analysis: It provides a direct method to
calculate currents or voltages in a specific part of the circuit.



Specific objectives:

« Determining the equivalent current source and equivalent resistance: The
goal is to represent any electrical network with an ideal current source and a
parallel resistance.

* Analyzing current and voltage at a specific point: The theory helps In
calculating the current or voltage across a specific component.

* Applying the theory to solve practical problems: The theory iIs used In
applications such as power circuit design and analysis of complex electrical
systems.

« Understanding the concept of equivalent circuits: Focuses on the practical
understanding of circuit equations and how to simplify them into the Norton
equivalent model.



Introduction

* Norton's Theorem is one of the fundamental theories in electrical circuit
analysis. It allows the simplification of any linear electrical network
containing power sources (such as voltage or current) and resistors into a
simpler form. According to this theorem, any complex linear electrical
network can be replaced by an equivalent current source connected In
parallel with an equivalent resistance.

« Key elements of Norton's Theorem:

« Equivalent Current Source (Norton Current): This is the current that
flows through an open circuit connected to the points where the circuit is
being analyzed.

« Equivalent Resistance (Norton Resistance): This iIs the equivalent
resistance determined by the network's resistance when all power sources
are turned off.



Thevenin’s Theorem
Solution method;

« 1. Identify the part to be analyzed:
Determine the element (resistor) for which you want to calculate the current or
voltage, and consider it the load R; .

« 2. Remove the load R; :
Disconnect the load R; from the circuit to analyze the remaining network.

« 3. Calculate Norton current (Iy):
Calculate the current that flows at the location of the load R; when it is replaced
by a short circuit.
The current resulting from the short circuit is 1.

* 4. Calculate the equivalent Norton resistance (Ry):
Turn off the power sources (replace voltage sources with short circuits and current
sources with open circuits).
Calculate the total resistance of the circuit as seen from the terminals of the load.
This resistance is Ry .



Norton’s Theorem
The Laws Related to Norton's Theorem:
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Norton’s Theorem

Example 1: Develop the Norton Equivalent for the circuit given below.

I, I

Solution: — = A
Using Ohm’s law, first replace the series combination of the
24 V source and the 4 Q resistor with a parallel combination  **: B e %
of a 6 A current source in shunt with the original 4 Q resistor *" T
a5 ShOWﬂ peIOW' Figure 3-3 The Thevenin equivaler?t
Combination of the two parallel current sources, 6 Aand 3 A, circuit for Example 1
results in a net, total, Norton current source of 9 A. L o x
Vo240 -

Il — E — Z = 6A 6A<> 40 3A 120 lI!
IN:ISCZ(I]. +11)=6+3=9A .t

1,\-=9.4CD R\-=m§ J ll“‘
Ry =12|4=22=30 B
12+4 Norton Equivalent



Example 2: Find the Norton equivalent circuit of the circuit in Fig.8.4 at
terminals a-b and the voltage.

Solution: We find Ry in the same way we find Ryg

8 Q
In the Thevenin equivalent circuit. AW © a
5%20 40Q
RN—5||(8+8+4)—5||20—5+20_4Q WO 2 50
To find we short-circuit terminals a and b, as shown in Fig. 8.5(b). Y

aAAA% O b

»Forloop 1: I} = 2A, 80

. . . . . 1 _ E H

We ignore the resistor 5Q because it has been short-circuited. Figure 8-4 Equivalent
Circuit for Example 2

Applying mesh analysis, we obtain

>For Loop 2: —4I; + (44+8+8)[, —12 =0 N
4% 2 +120,-12=0 = -8-124205,=0 «— Sh ., ) teo |
-20+201,=0 NG
From these equations, we obtain sag e - @ 12v S0
20 8 Q
12:2_0:1A =In=Is, o W o b YWy ;
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Figure 8-5(a) finding Ry.(b) finding Iy



Norton’s Theorem

8 Q
Alternatively, we may determine from We obtain VWY o
as the open-circuit voltage across terminals a and b in Fig. 8.5 (c). @ % 4Q @
> Using mesh analysis, we obtain (For loop 1) 24 (D 1 )42 § YT =
I; =2A < o
For Loop 2 R v
(c)
—4l; +(4+8+5+8)[,—12=0 (€] calculatin
8 VrH
—4x2+251,—12=0 = 251,—20=0 =251, =20
I, =2=0.8A
25 O a
»To Find vpp=v,,
Vrp = Ve = 51, =5%x0.8=4V LA 40
IN — th O b
RTh
_ 4 _ Figure 8-6 Norton equivalent of
Iy = Z =1A the circuit in Fig. 8.4.



Example 3: Find the Norton equivalent circuit of the circuit in the

figure below at terminals a-b.

Solution:

4X4
RN_4”4_4_+4_2Q
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IN — I,N _I"N — 8A_4‘A — 4‘14

Lo = 4 = 2A
207 95 resistors

Or using a current divider
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Example 4: Following the circuit, find the value of V/, using Norton’s

theorem. R1 R2
Solution: 32 3al o0

c1s 18V b 15V
RN—(2+3)||(9+6)— »r = 3.75 Q R3 I R4

Loopl [;(34+2)—18=0=5I];, =18
Il_ _3 6A

Loop 2:1,(6+9) — 15 = 0= 151, = 15
5 D-1A

15 18V




Vo = Uy + 1) XRy
V, = (2.6 +3) x 3.75

V,=5.6 x3.75=21V




Example 5: Find the power 100 V source using Norton’s theorem

Solution: \ @ ’l\Z\Qf /
40X8
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50)(15() C— o0V %R:" T 100V
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V3
Loopl: I[;(40 4+ 8) —8Iy —40I3; —300 =0 4 %

<_J
4811 — 81N — 4‘0]3 = 300...... (1) 450V 1509
Loop 2: Iy(8 + 10) — 81;,—10I3= 0 R1 R2 a
Vi

_8]1_|_18]N — 10]3= ()(2) <+ 40Q 100

— R3
300V 80

I
o

Loop3: — 401, — 101y + (40 + 10 + 150)1; = —450
— 4011 — 1OIN + 20013 —_ _4‘50 ...... (3)

4811 — 8IN — 4013 — 300 ...... (1)
— 4011 — 1OIN + 20013 —_ _4‘50 ...... (3)



4811 — 81N — 4‘013 —_ 300 ...... (1)

48 300 —40

L8 0 10

_ Dy 40 —450 200 _
IN="3="238 —8 —a0 4

—8 18 —10
—-40 -10 200
_100 20,
* 15 3
20 14
2+ lioov = Ix=l100v = ERE 2 = ?A

14
P=VI=100 X EXn 466.67W
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