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2.7 NORTON’S THEOREM

Norton’s theorem states that “any two-terminal bilateral linear circuit consisting of ,
sources and impedances can be replaced with a Norton's equivalent circuit with q 5

Norton current source I, in parallel with a Norton s impedance Z,, connected to g,

impedance Z,”. Similar to Thevenin’s theorem, Norton’s theorem is also used to simy

the analysis of complex circuits. ~ . z

The value of Norton’sequivalent o—{

current I, can be calculated by

shorting the load impedance Z,. The +
Norton’s equivalent impedance Z,
is obtained by the procedure similar
to that of calculating Thevenin’s

]
(U
N

equivalent impedance Z,,. O

Consider the circuit shown D
in Fig. 2.10(2) to illustrate the STRRLO A circuit with energy sour
application of Norton’s theorem. and impedances

Step 1: To find Norton’s current. I,,, short-circuit the load Z, as shown in Fig. 2.100)
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As the entire current flows through the short-circuited terminals

currentflows through Z,, we have
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2: To find Norton’s equivalent impedance (Z,)
VAVA
2, +2Z,

Step
Z,= Zy =

step 3: Norton’s equivalent circuit with 7, , Z,and Z, can be constructed as shown in Fig.
2.10(¢). S e

SOREI P

RC-AIGNE Norton's equivalent circuit

It is important to note that using source transformation, Thevenin’s equivalent circuit can
be converted into Norton equivalent and vice versa as shown in Fig. 2.10(d).
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""" Zry =2y
m Source transformation between Thevenin's equivalent circuit and Norton's
equivalent circuit

, If dependant sources are present in the circuit, the same procedure can be followed
Using Thevenin’s theorem for solving problems.

Example XY Find the voltage drop across the 12Q resistance using Norton’s theorem
* the circuit shown in Fig. E2.40(a).
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Short the branch consisting of 12€2 resistor as shown in Fig. E2.40(b),
Since the 4 resistor is in parallel with a short-circuited terminal, it g remoyeq :
circuit as shown in Fig. E2.40(c). o,
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FIG. E2.40(b) FIG. E2.40(c)

Applying KVL to the circuit shown in Fig. E2.40(c), we get
For loop 1, 41, +2(1, —12)= 14

Le. 61, — 21, =14 0
For loop 2, 2([2 —11)=4
Le., =21, +21,=4 (
Upon solving Eqn.(1) and(2), we get

I,=1,=65A

(b) TofindR,;
Open-circuit the 12 Q resistor, and short-circuit the voltage source as shown in Fig. E2.406
The circuit is further simplified as shown in Fig. E2.40(e).

Therefore, R, =wzlﬂ
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FIG. E2.40(d) FIG. E2.40(e)

(c) The Norton's equivalent circuit is shown in F ig. E2.40(f).
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12 +1
Voltage drop across the 12 Q) load resistor V,=I,R, =05x12=6V.

kil Obtain the Norton’s Equivalent for the circuit shown in Fig. E2.41(a).
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Solution
(a) To find I o
Short-circuit the branch AB as shown in F ig. E2.41(b).
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FIG. E2.41(b)
From Fig E2.41(b), it is evident that
Aol L =5A
PPlying KVL to the remaining loops, we get
O the loop DEGHD,
4(1,-1,)=10
41, —41, =10 ()

“the loop ABEDCA
41, - 1,)+2(1,-1,)=0
~21,— 41, +61,=0
PO sy ~41, 4+ 61, =2x5=10 )
g Eqn. (1) and (2), we get

I,=125A and I, =10 A
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"-.ff Therefore, Iy=1,= 10 A
late R, o
g’;e:";;ﬁ‘;: t(l:e cu:rent source and short-circuit the voltage source ag show
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FIG. E2.41(c)

From the circuit shown in Fig. E2.41(c), it is evident that the 4Q resistor is in pe

with the short circuit. Since the equivalent resistance of this parallel combinatiop j;,
it can be removed. '

Therefore, R, =2Q

(c) The Norton's equivalent circuit is shown in Fig. E2.41(d).
—OA

IN:IOACD Ry=2Q

—OB

ZE Y XPN Determine the current through the 2 Q) resistor in the circuit shown !
E2.42(a), using Norton’s theorem.
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e transformation, the current sources are converted into voltage sources as

5ing so* 42(b).
:howninF'g' E2.42(0) 96

FIG. E2.42(b)
2) Tofind I

Short-circuit the load resistor 2 Q as shown in Fig. E2.42(c).

9% V 4Q

' |
b
. FIG. E2.42(c)
PP ying KVL to this circuit, we get
“rloop 1,
131, =31, — 61, = 96 — 30+ 48
131, -31, - 61, =114 ()

rk)f 100p 2,

=31, + 111, — 81, =144 + 30
‘ 2)
rlagpy 311, 81, =174 (

—61, 81, + 181, = 96 — 144 — 96 )
~61, —81, +181, = — 144 N
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Writing Eqn. (1), (2) and (3) in matrix form, we have

13 =3 —6||1, 114

-3 11 -8,|=(174

-6 —8 18|, [—144
Applying Cramer’s rule, we get

13 -3 —6
A=|-3 11 -8 =896

-6 -8 18

13 114 -6
A,=|-3 174 —8/=28512

—6 —144 18

A, 28512
L, =="2=""""2_3181A
A 896

From Fig. E2.42(c), It is evident that /, =1, +8=31.821+8=139.82]A

(b) To find R,;

Short-circuit the voltage sources and remove the load R , as shown in Fig. E2.4)(¢
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FIG. E2.42(d)

Apply delta-to-star transformation as shown in F ig. E2.42(e).

FIG. E2.42(e)
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6x4 24 4

Here, 'Tetd4s 18 3¢
_ 8x4 32 1
T 6+4+8 18 9%

__6x8 48 3

i Terars 13 39

Therefore, Ry =R, =

_ 5.333x5.667 16

5.333+5.667
(c) The Norton s equivalent circuit is shown in F ig. E2.42()).

Iy=39.821 A C)

>
Ry=4.525Q = k=20
According to the current division rule,

; _ 39.821x4.525

=4.52

5

L A / \\/ \ ,/\

= = 27.6153 A
4.525+2
btam Norton’s equivalent for the circuit shown in Fig. E2.43(a) across
the lemunal AB. v, A
Soluuon VW \‘\"\‘\ LA
(a) To ﬁndl : | =%
lh . rcult the load resistor R between -
Ly ermmalsAB as shown in Fig. E2 43(b). 1 B
eus:he current flowing through the 4 N/,V\’\
i or be I in the direction as shown in - ‘
e £2.435
bpl
Ying K, atnode ‘c’, we get 4Q e
o =1+, ANV VWV A
Ay I, =31 ]
Dly]n l
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FIG, E2.43(b)
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