Thévenin’s and Norton’s
Equivalent Circuits
and
Superposition Theorem

Thévenin’s and Norton’s Theorems
Thévenin’s Theorem
As far as its appearance from outside is concerned, any two terminal
network of resistors and energy sources can be replaced by a series
combination of an ideal voltage source V. and a resistor R, where
Vqc is the open-circuit voltage of the network and
R is the resistance that would be measured between the output
terminals if the independent energy sources were removed and
replaced by their internal resistance.
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Finding Thévenin’s Voltage (V)

Any arrangement of
resistors. voltage
sources and/or
current sources

R
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R

Thévenin’s Voltage V-, is the open-circuit voltage measured at the network
output, i.e., V¢, = Ve

Any arrangement of
resistors. voltage —
sources and/or Voc VTh - VAB | Rp=cc

current sources

Voc

Finding Thévenin’s Resistance (Ry;,)

Any arrangement of

resistors. voltage R
L
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5

R
sources and/or ol

current sources

Thévenin’s Resistance Ry, is the resistance that would be measured between the
output terminals if the independent energy sources were removed and replaced
by their internal resistance (i.e., independent sources are killed).

The resistance can be calculated by replacing the load with a test voltage
and then measuring the test current after the independent sources are killed.
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removed and I .
replaced by their Ry Test |V, =0, I.=0,R;=VTest
internal resistance.
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* Norton’s Theorem

As far as its appearance from outside is concerned, any two terminal

network of resistors and energy sources can be replaced by a parallel

combination of an ideal current source I and a resistor R, where
I is the short-circuit current of the network and

R is the resistance that would be measured between the output
terminals if the independent energy sources were removed and
replaced by their internal resistance

Any
—"]

arrangement
of resistors,

voltage f—

sources or
current °
sources

Norton
equivalent circuit

Finding Norton’s Current (I,)

Any arrangement of
resistors. voltage
sources and/or
current sources

R

Norton’s Current I, is the short-circuit current measured at the network
output, i.e., Iy, = lsc

Any arrangement of

resistors. voltage 1 — —
sources and/or e INU IAB | Ryp=0 ISC

current sources
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Finding Norton’s Resistance (R+;)

A

Any arrangement of
resistors. voltage
sources and/or
current sources

Ry

= Ino Rm Ry

Norton’s Resistance Ry, is the resistance that would be measured between the

output terminals if the independent energy sources

were removed and replaced

by their internal resistance (i.e., independent sources are killed). Norton’s

Resistance is exactly the same as the Thevenin’s Res

istance.

The resistance can be calculated by replacing the load with a test voltage
and then measuring the test current after the independent sources are killed.

VTcs t

ITo.st V=0, Is=0,R[ =Vrest

A Irest
p—
Independent
voltage and current
sources were C)Vmﬂ RTh =
removed and
replaced by their R
internal resistance.
L o— |
B

Relationship between Thévenin’s and Norton’s Theorems

R
Any Th
}—o —)
arrangement
of resistors,
voltage f— T Voc
sources or
current
sources
Thévenin

equivalent circuit

From the two equivalent circuits we can deduce
the following:

Thévenin’s Resistance (Ry;,) can be also
calculated by dividing the open circuit voltage
(Voe) by the short circuit current (Isc) measured.

Norton
equivalent circuit

Voc

Isc = 5—
RT,'L

Voc = Isc Ry

Ry, = -2
Th ISC
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You can always replace a Thévenin’s equivalent circuit (i.e., any voltage source)
with a Norton’s equivalent circuit (i.e., its equivalent current source). This
operation is sometimes called source transformation.

Sometimes, one can perform source transformation (i.e., replacing voltage
sources with current sources or vice versa) in an electrical circuit in order to
simplify the circuit analysis.

NOTE: Any resistance in series will contribute the source resistance of a voltage
source before transformation. Similarly any resistance in parallel will contribute
to the source resistance of the current source before transformation.

Ry
——o0 ——o0
TV()(,‘ — g I R
——o ——o
Thévenin Norton
equivalent circuit equivalent circuit

Example:

Determine Thévenin and Norton equivalent circuits of the following
circuit.

R =10kQ Ry=10kQ
1 . 1 o
| I | | |
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Ri=10kQ R,=10kQ
- | S | S
Solution:
0V Ry=10kQ
if nothing is connected across the
output no current will flow in R, so
there will be no voltage drop across __ I _ 10k —1E
: A ) Voo = s = 30=15V
it. Hence V, is determined by the Rs+ Ry 10k + 10k
voltage source and the potential divider
formed by R, and R;. Hence
I = Vs = 30 =2mA
1(sC) — - -
. . . 2 10k + 10k|[|10k
if the output is shorted to ground, R, is By + Rl [ R + 10]
in parallel with R; and the current taken 10k
from the source is 30V/15 kQ = 2 mA. e N ) P
Isc Rt R Iisc) 0k 1 101‘_21!1 1mA

This will divide equally between R, and R,
so the output current, and so

the resistance in the equivalent Voe 16
circuit is therefore given by Fern = Ise  1m 15k

or using the test voltage method:

VTML
Ry =

= Ry + Ry||Rs = 10k + 10k|[10k = 15k

Lrest Vi=0,RL=Vrest

Solution: (continued)

— hence equivalent circuits are:

r—-—-=-=========- 1 r--=-=-======-=-== 1
1 15kQ | 1 1
1 ll ll — I 1 o
! | ! 1
! | ! 1
! 15V 1 ! 1 mA 15kQ 1
! 1 | 1
! | ! 1
1 1 ° 1 : 1 °
! 1 ! 1
v\ I r\- 1
Thévenin Norton
equivalent circuit equivalent circuit
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Example: What is the Thévenin voltage for the circuit?

R Vo 27k )
Ri+ Ry ° 10k + 27k

Vrn =Voc = 2~ 876V

What is the Thévenin resistance for the circuit?

Ryy, = Viest = Rs||Ry = 27k|[10k = 7.30 k2
Trest Ve=0,Rr=Vrest
R Output terminals
A o/ Remember, the load
V. 10 kQ resistor has no affect on
° the Thévenin
12V= =R R parameters.

27k 768 kQ

Thévenin’s theorem is useful for solving the Wheatstone
bridge. One way to Thévenize the bridge is to create two
Thévenin circuits — from A to ground and from B to ground.

The resistance between point A and R, R,
ground is Ry||R, and the resistance o, g 5

from B to ground is R,||R,. = A B

The voltage on each side of the
bridge is found using the voltage
divider rule.
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Example: For the bridge shown, R,||R, =165 Q and
R,|IR, =179 Q. The voltage from A to ground
(with no load) is 7.5V and from B to ground
(with no load) is 6.87 V.

R
3900

R4
3300

The Thévenin circuits for each of the bridge
are shown on the following slide.

1502 17090
— 6.87V

T T

Putting the load on the Thévenin circuits and
applying KVL allows you to calculate the load
current.

The load currentis: 1.28 mA
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Example : (with dependent sources)

Find the Thévenin equivalent circuit with respect to (w.r.t.) terminals A & B.

21,
N
50
I A
—J
40v C) Cf 8A |:|2A50 R
B

Solution:

Let us first find the open circuit voltage Voo by disconnecting the load (i.e.,

RL = OC)
Firstly, let us write KCL at Node E

I.+20,+8-1=0 = 1L, =3+8
Secondly, let us write KVL around Loop GECDFG
40 — 51, — 2.5I, = 0
40 — 51, — 2.5(31, +8) =0
40— 1251, —20=10
I, =16A

Finally, we can find Voo as follows

Voc = 2.5I = 2.5(3L, +8) = 7.51, +20 = 7.

| Vi = Voc =32V |

5(1.6) +20 = 32V
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In order to find Rrp, let us first find the short-circuit current Is¢, by shorting
the load (i.e., R, = 0). Note that, I; =0 as Vep = Vap = 0.

Firstly, let us write KVL around Loop GECABDFG
40-5I, =0 = [I,=8A
Secondly, let us write KCL at Node E
Isc =3I, +8=3(8) +8=32A

Finally, let us find Ry, by dividing the open circuit voltage by the short circuit

current Voo 32
Ryp, =

= 20C _ 2= Q.
Isc 32
Ry = IQ|
21,
ol » E C A b
— I
2,50 Viest
I 9
F D B |
R,

Let us find the Thévenin resistance Ry, using the test voltage method. In this
case, we replace the load with a test voltage source and kill the independent
sources (replaced by their internal resistances).
Firstly, let us write KVL around Loop GECABDFG

V}ns!

0— VGE - Wt:st =0 = Z.r = 5

Secondly, let us write KCL at Node E
2 + Iy + Ltest — 11 =0

lftﬁst W(‘.St W(ist
_gltest Trest — -0
5 5 Tt T3
It(ist = Vvtest
Finaly Rpy = Yot = Yt =10

09/03/2016
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4ov C) 8A 2.50 Ry

Finally, Thévenin’s and Norton’s equivalent circuits of the above circuit (w.r.t. A
& B terminals) are given below

v (D) 32v R,

Maximum Power Transfer

The maximum power is transferred from a source to a load when
the load resistance is equal to the internal source resistance.

Rs A

v, C) R,

The maximum power transfer theorem assumes the source
voltage and resistance are fixed.

If the load resistance is equal to the source resistance, then
the load is called the matched (or matching) load.

09/03/2016
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Proof: R A

O "

R L V‘:‘ R L ‘/-.‘2

Vs - = -
RL+RS ) RL+Rs (RL‘FRS)Z

P =V I =

As (R = 0= P, =0), (R, = 00 = P, =0) and Py, is positive there is a

[

. . L
maximum value of Py, where 0 < R, < o0, i.e., R 0.
L

dPL= RS—RL@V:Q:O = R.=R,
ORL  (Rp+ R.)

So, for maximum power transfer: | R = R,

V2

Then, maximum power that can be delivered to the load is: Primax) = PLlRL=Rﬁ = 1R
S

Example: What is the power delivered to the matching load?

Solution: 500 A
—J O
The voltage delivered to the R
load is 5 V. The power vo(M) 10v R [s00
delivered is C') H
B
V2 52
Pp=-L=2_=05W
L=R, 50 7

09/03/2016
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To solve maximum power transfer problems, we follow the
following steps

« Find the Thévenin or Norton equivalent circuit of the
system where the load is connected.

¢ Matched load is the case where load resistance is equal
to the Thévenin equivalent resistance, Ry,. In other
words, maximum power will be delivered top the load,
when

Ry = Rpp,

e Similarly maximum power which can be delivered to
the load will be given as

71‘/:1‘"2]1 7112 RTf

PL(nmx) = PL'R;,:RW, = 4RTh - 1 No

Superposition Theorem

» Principle of Superposition

In any linear network of resistors, voltage sources and current sources,
each voltage and current in the circuit is equal to the algebraic sum of
the voltages or currents that would be present if each source were to be
considered separately. When determining the effects of a single
independent source the remaining independent sources are replaced
by their internal resistance.

IMPORTANT: Dependent sources stay as they are. They are never
killed while applying the superposition theorem.

In other words, independent voltage and current sources are
turned on and off as we apply superposition while dependent
sources remain always on.

09/03/2016
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Example:

Determine the output voltage V; in the following circuit using

superposition theorem.

R = Ry=

100 Q 200 Q
R3=
50Q

w

Solution:

— First, let us consider the effect of the 15V source alone

100 ©
Ry= R;=
200Q 50Q

Rs||Rg
Ri + Ro||R3 ™
~200]|50
100 + 200||50

Viasv) =

15

Viasv)

09/03/2016
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— Next consider the effect of the 20V source alone

Ry=

200 Q
Rl = R3= v )
100 Q 500 320v)

ZOVT

Ri||R3
1% =V,
3CV) T Ry + Ry[|Rs
~ 10050
200 + 100||50
33.3
=90
233.3

=286V

— Finally, the output of the complete circuit is the sum of these two voltages

Ry = Ry=
100 Q 200 Q

50Q

V3 = V3(15V) + V3(2()V) = 429 + 286 == 715 V

=

09/03/2016
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Example : (with dependent sources)

For the circuit shown below, determine |, using the superposition theorem.

Iy 10 40
— | S
+ -
6 .
aA(D [] 20
24V
2v,

NOTE: In this example, dependent source can be eliminated trivially as the
same current flows through both v, and 2v,-dependent voltage source.

Noting the polarity of the dependent source, the depedent source can be
replaced by an 8¢ resistor without affecting the results.

But, we are not going to use this trivial approach as we want to follow a
general approach to solve superposition problems with dependent sources.

Solution:

1. Let us first kill the 24 V independent voltage source (note that dependent
sources always stay on the circuit).

1Q 40
hie —K —
(- -
+ Vasa) -
60 8Q

saCD Ij 20

2v,a8a)

L

a) We need to find v,(s) first in order to find the other currents and voltages
in the system.
i) Firstly, let us use source transformation to replaces 8 A-Norton current
source with its equivalent Thévenin voltage source, i.e.,

09/03/2016
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ii) Then, let us obtain the Thévenin equivalent voltage source and resis-
tance of the circuit containing 16V -source, 282, 1Q and 62 resistors, i.e.,

602
Vin = sq 1o yen 0V ~ 06TV

(69)]|(22 +1Q) = 20

Rpy,

Now, we can find the current I40(s4) flowing through the 4{)-resistor and
vq(s4) by solving the following two equations simultaneously

10.67 — 2 Insay — 4 Liasa) — 8 Lioza) — 2va8a) = 0
4 T40(84) = Va(8A)

to find

10.67
I4Q(SA) = T = 0485A

UG(SA) = 4149(&4) =194V

b) Now, let us find Vic1,34) as

Virnisa) = 4 Liosa) + 8 Liaga) + 20a84) = 9.7V

¢) Now, we can find I, (3.4 as follows

B 16 — Vi r,84) 16 -9.7

Iysa) = Mr10 3 =21A

09/03/2016
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2. Let us now kill the 8 A independent current source (note that dependent
sources always stay on the circuit).

li2av) ,1_ﬂ| K '4_ﬂ|
Lag — —
+Va2av) -
6a 80
[
[] 20
] 24V 2
Va(24v)
L

a) We need to find v,(24y) first in order to find the other currents and voltages
in the system.

i) First, let us obtain the Thévenin equivalent voltage source and resis-
tance of the circuit containing 24V -source, 22, 1€} and 6€? resistors, i.e.,
20+ 12
= " YV =
V= sayiareat =8V
Ry = (69)[|(202 + 102) = 2Q

ii) Now, we can find the current Iyo(24vy flowing through the 4Q-resistor
and vg(241) as (similar to Iyqg4) and vg(z4))

8
149(24\/) = ﬁ =0.364 A

Va(2avy = 4 Lio2av) = 145V

09/03/2016
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haan 12 g A2
—_— | S
+ Vag2av) -
6Q 80

o

H 20
o 24V

2vy24v)
L

b) Now, let us find Vi r,(24v) as

Vicp2avy = 4 Ligeavy + 8 Ligaav) + 204(2av) = 7.2TV

¢) Now, we can find I;(g4) as follows

v, V, 7.27
_ VLEK(24Vv) KL(2av) _ 1.2l —2.42 A

hzavy = M+10 20+10 3

3. Finally, I is given by

Il = II(SA) + 11(24\/) = 21 - 242 - —032 A

09/03/2016
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