Thévenin and Norton
Equivalents

The Thévenin equivalent method allows you to replace any circuit consist-
ing of independent sources, dependent sources, and resistors with a simple
circuit consisting of a single voltage source in series with a single resistor
where the simple circuit is equivalent to the original circuit. This means
that a resistor first attached to the original circuit and then attached to the
simple circuit could not distinguish between the two circuits, since the resistor
would experience the same voltage drop, the same current flow, and thus the
same power dissipation. The Thévenin equivalent method can thus be used
to reduce the complexity of a circuit and make it much easier to analyze. A
Norton equivalent circuit consists of a single current source in parallel with
a single resistor and can be constructed from a Thévenin equivalent circuit
using source transformation. Thus in this section we will present a tech-
nique for calculating the component values for a Thévenin equivalent circuit;
if you want the Norton equivalent circuit, you can calculate the Thévenin
equivalent circuit and use source transformation.

There are three important quantities that make up a Thévenin equivalent
circuit: the open-circuit voltage, v,., the short-circuit current, is., and the
Thévenin equivalent resistance, Rry. In the Thévenin equivalent circuit, the
value of the voltage source is v,. and the value of the series resistor is Rry,.
In the Norton equivalent circuit, the value of the current source is 75, and the
value of the parallel resistor is Rry,. But it is not necessary to calculate all
three quantities, since they are related by the following equation:

Voe = RTthc-

Thus we need to determine just two of these three quantities, and can use
their relationship to find the third quantity, if desired.

In circuits containing only independent sources and resistors, our Thévenin
equivalent method will determine the values of v,. and Rr,. When a circuit
also contains dependent sources we will modify the method and determine
Uoe and .. In the examples and practice problems that follow we will cal-
culate the Thévenin equivalent or Norton equivalent circuit as seen from a
single load resistor. We will then reattach the load resistor to the Thévenin
equivalent or Norton equivalent circuit and analyze this simplified circuit to



determine a requested quantity.
The Thévenin equivalent method can be broken into the following steps:

1. First calculate the open-circuit voltage. Draw the circuit with the load
resistor removed, which creates an open circuit where the resistor once
was. Label this circuit with + and — polarity markings and the symbol
Uoe- Then use any circuit analysis technique to determine the value of
Uoe- In the examples we will usually use the mesh current method or
the node voltage method.

2. Next calculate the Thévenin equivalent resistance if the circuit contains
only independent sources and resistors, or the short-circuit current if
the circuit also contains dependent sources. To calculate the Thévenin
equivalent resistance, draw the circuit with the load resistor removed.
From the perspective of the resulting open circuit, calculate the equiv-
alent resistance. To do this, replace all voltage sources with short
circuits and all current sources with open circuits. Then make series
and parallel combinations of the remaining resistors until only one re-
sistor remains. This is the Thévenin equivalent resistor. If there are
dependent sources in the circuit, you cannot use the previous method
to calculate the Thévenin equivalent resistance because you cannot re-
move the independent sources without changing the way the dependent
sources behave. Therefore you must calculate the short-circuit current
instead. To do this, draw the circuit the the load resistor removed and
replaced by a short circuit (a wire). Label the current in the short cir-
cuit ie.. Then use any circuit analysis technique to determine the value
of is.. We usually employ the node voltage method or the mesh current
method. Remember that we can use the open-circuit voltage and the
short-circuit current to determine the Thévenin equivalent resistance
with the equation

Ry = -
/I/SC

3. Now draw the Thévenin equivalent circuit, which consists of a voltage
source with the value v,. in series with a resistor whose value is Ry,
or the Norton equivalent circuit, which consists of a current source
with the value 74 in parallel with a resistor whose value is Rpy. Then
attach the original load resistor to complete the circuit. Use any circuit
analysis method to determine the requested voltage, current or power
in this simplified circuit.

4. You can check your result by analyzing the original circuit using any
appropriate circuit analysis technique. We will usually employ the node
voltage method or the mesh current method.

The first example is a circuit without dependent sources. We consider
circuits with dependent sources in the second example.
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Figure 1: The circuit for Thévenin Equivalent Example 1
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Figure 2: The circuit for Thévenin Equivalent Example 1, configured to
determine the open-circuit voltage v..

Thévenin Equivalent Example 1

Find v, for the circuit in Fig. 1 by replacing the circuit to the left of the 15¢2
resistor with its Thévenin equivalent and analyzing the resulting simplified
circuit.

Solution

1. Redraw the circuit in Fig. 1 with the 152 resistor replaced by an open
circuit labeled v,. and calculate the value of v,.. We will use the node
voltage method to determine v,., so we have identified the reference
node and labeled the remaining non-reference essential nodes with sym-
bols if the voltage at the node is not known. The resulting circuit is
shown in Fig. 2. The node voltage equations are
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Figure 3: The circuit for Thévenin Equivalent Example 1, configured to
determine the Thévenin equivalent resistance Rry,.
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Rewriting the node voltage equations in standard form we get

1 1
At V- <E + %> v+ ! <O)U1()C = (50/10) —0.5
A oc* an an | Yoo — 2 .
£ v O+ (20<+-30>11 (50/20) + 0.5

The calculator solution is

vy =30V, Voo = 36 V.

2. Since there are no dependent sources in the circuit in Fig. 1 we can
calculate the Thévenin equivalent resistance. To do this, redraw the
circuit in Fig. 1, replacing the 15{) resistor with an open circuit, the
current source with an open circuit, and the voltage source with a
short circuit. The resulting circuit is shown in Fig. 3. Notice that in
Fig. 3 the 109 and 20 resistors in the lower left have been bypassed
by a short circuit, and that the remaining 20€2 and 30f2 resistors are in
parallel. Therefore, the equivalent resistance is given by

(20)(30)

R+ = 20/130 = —X—2 = 120).
h | 20 + 30

3. Now draw the Thévenin equivalent circuit and attach the 15¢2 resistor.
The result is shown in Fig. 4. To find v, in this simple circuit, use

voltage division:
15

T 15112

(36) =20 V
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Figure 4: The circuit for Thévenin Equivalent Example 1, with the compo-

nents to the left of the 152 resistor replaced by a Thévenin equivalent.
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Figure 5: The circuit for Thévenin Equivalent Example 1, prepared for node

voltage analysis.

4. We can check this result by analyzing the original circuit in Fig. 1 to
find v,. We choose the node voltage method for this analysis, and
the circuit in Fig. 5 is configured for such analysis. The node voltage

equations are

U1—50 U1

A Lo =
0_50 o o

At vy 2 + i 05 = 0

20 30 15

Rewriting the node voltage equations in standard form we get

1 1
At (U <1_O + 2_O> v+ : (O)lvoc ) = (50/10) —0.5
At vy: —r ) = 2 .
t o (0)vy + (20 + 20 + 15) (50/20) + 0.5

The calculator solution is

v =30V, v, = 20 V.

Thus the solution obtained with the Thévenin equivalent circuit is con-

firmed.



202 41 3.60

sov () £ 60 £ 20 4Qz

L

Figure 6: The circuit for Thévenin Equivalent Example 2
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Figure 7: The circuit for Thévenin Equivalent Example 1, configured to
determine the open-circuit voltage v..

Thévenin Equivalent Example 2

Find i, for the circuit in Fig. 6 by replacing the circuit to the left of the
40 resistor with its Norton equivalent and analyzing the resulting simplified
circuit.

Solution

1. Redraw the circuit in Fig. 6 with the 42 resistor replaced by an open
circuit labeled v,. and calculate the value of v,.. We will use the node
voltage method to determine v,., so we have identified the reference
node. The remaining non-reference essential nodes form a single su-
pernode with the dependent source, so we label those nodes with sym-
bols and identify the suprenode. The resulting circuit is shown in Fig. 7.
The node voltage analysis equations consist of one supernode equation
and two constraint equations, one for the supernode and one for the
dependent source. The equations are

v — 50 V1 Uge

S de: — = 0
upernode 5 + 5 + 5

Constraint: V1 — Voe = 44,
Constraint: % = 1,
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Figure 8: The circuit for Thévenin Equivalent Example 2, configured to
determine the short-circuit current ig..

Rewriting the node voltage equations in standard form we get

1 1 1
Supernode: <§ + 6) v+ <§> Voo + (0)i, = (50/2)
Constraint: (D)vy + (—Dvoc + (—4)i, = 0
: 1 .
Constraint: <E) v 4+ (0)vee + (—1)ip, = 0

The calculator solution is

v =30V, Voe = 10 V; i, =5 A.

2. Since there is a dependent source in the circuit in Fig. 6 we must
calculate the short-circuit current. To do this, redraw the circuit in
Fig. 6, replacing the 4€) resistor with short circuit and label the current
in the short circuit 7,.. Since we want to find this short-circuit current
the mesh current method is a good choice, so we also identify and
label the mesh currents. The resulting circuit is shown in Fig. 8. We
need three mesh current equations and a constraint equation for the
dependent source. The equations are The equations are

Left mesh: —50+8i1 + 6(i1 —ia) = 0
Center mesh: 4i, + 2(iy —ig.) + 6(ia — 1) = 0
Right mesh: 3.6igc + 2(igc — i2) = 0
Constraint: 11— 12 =

Rewriting the mesh current equations in standard form we get

Left mesh: (8)iy, + (=6)ia + (0)ise. + (0)i, = 50
Center mesh: (—6)i; + (8)ia + (—2)ise + )i, = 0
Right mesh: ~ (0)iy + (—2)ia + (5.6)isc. + (0)iy, = 0
Constraint: )iy + (=1)ia + (0)ise + (—1)iy, = 0

The calculator solution is

i =115A;  ips=TA  i.=25A i,=45A.
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Figure 9: The circuit for Thévenin Equivalent Example 2, with the compo-
nents to the left of the 42 resistor replaced by a Norton equivalent.
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Figure 10: The circuit for Thévenin Equivalent Example 2, prepared for mesh
current analysis.

3. Now draw the Norton equivalent circuit by placing a current source
whose value is i, = 2.5A in parallel with a resistor whose value is
I'Th = Voe/tse = 10/2.5 = 4, attach the 4€) load resistor. The result is
shown in Fig. 9. To find i, in this simple circuit, use current division:

4

=~ (25)=1.25A
o= 37429

4. We can check this result by analyzing the original circuit in Fig. 6 to
find i,. We choose the mesh current method for this analysis, and the
circuit in Fig. 10 is configured for such analysis. We need three mesh
current equations and one constraint equation, as shown below:

Left mesh: —50 4+ 8y +6(iy —iz) = 0
Center mesh: 4i, 4+ 2(ia —i,) + 6(ia —41) = 0
Right mesh: 3.60, + 4iy +2(ip —iy) = 0
Constraint: 11— 1 = g

Rewriting the mesh current equations in standard form we get

Left mesh: (8)iy + (=6)ia + (0)i, + (0)iz = 50
Center mesh: (—6)i; + (8)ia + (=2)i, + (4)i,, = 0
Right mesh:  (0)i; + (=2)ia + (9.6)i, + (0)i, = 0
Constraint: (D)in, + (=12 + (0)i, + (=1)i, = 0

The calculator solution is

i =10.75 A; s =6A; i, =125A; i, =475 A.

8



Thus the solution obtained with the Norton equivalent circuit is con-
firmed.

Now try using the Thévenin equivalent method for each of the practice
problems below.
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Figure 11: The circuit for Thévenin Equivalent Practice Problem 1.

Thévenin Equivalent Practice Problem 1

Find v, for the circuit in Fig. 11 by replacing the circuit to the left of the
3652 resistor with its Thévenin equivalent.

1. Redraw the circuit in Fig. 11, replacing the 36(2 resistor with an open
circuit. Use this circuit to calculate vg..

10



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 11 with the load re-
sistor removed, the voltage sources replaced by short circuits, and the
current sources replaced with open circuits. Then make series and par-
allel combinations of resistors until a single equivalent resistor remains.
If there are dependent sources in the circuit, find the short circuit cur-
rent by redrawing the circuit in Fig. 11, replacing the 36 resistor with
a short circuit whose current is .. Use this circuit to find ig.

3. Draw the Thévenin equivalent circuit and attach the 36 resistor. Use
this circuit to calculate v,.

11



4. Check your solution by analyzing the original circuit in Fig. 11 to find
Vo

12
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Figure 12: The circuit for Thévenin Equivalent Practice Problem 2.

Thévenin Equivalent Practice Problem 2

Find i, for the circuit in Fig. 12 by replacing the circuit to the left of the 32

resistor with its Norton equivalent.

1. Redraw the circuit in Fig. 12, replacing the 3(2 resistor with an open
circuit. Use this circuit to calculate vg..

13



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 12 with the load
resistor removed, the voltage sources replaced by short circuits, and
the current sources replaced with open circuits. Then make series and
parallel combinations of resistors until a single equivalent resistor re-
mains. If there are dependent sources in the circuit, find the short
circuit current by redrawing the circuit in Fig. 12, replacing the load
resistor with a short circuit whose current is ig.. Use this circuit to find

Tgc-

3. Draw the Norton equivalent circuit and attach the 3¢2 resistor. Use
this circuit to calculate 7,,.

14



4. Check your solution by analyzing the original circuit in Fig. 12 to find
lo-

15
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Figure 13: The circuit for Thévenin Equivalent Practice Problem 3.

Thévenin Equivalent Practice Problem 3

Find v, for the circuit in Fig. 13 by replacing the circuit to the left of the
16€2 resistor with its Thévenin equivalent.

1. Redraw the circuit in Fig. 13, replacing the 16£2 resistor with an open
circuit. Use this circuit to calculate vg..

16



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 13 with the load
resistor removed, the voltage sources replaced by short circuits, and
the current sources replaced with open circuits. Then make series and
parallel combinations of resistors until a single equivalent resistor re-
mains. If there are dependent sources in the circuit, find the short
circuit current by redrawing the circuit in Fig. 13, replacing the load
resistor with a short circuit whose current is ig.. Use this circuit to find

Tgc-

3. Draw the Thévenin equivalent circuit and attach the 16 resistor. Use
this circuit to calculate v,.

17



4. Check your solution by analyzing the original circuit in Fig. 13 to find
Vo

18



250v ()

10
%
502 1002
Ay Ay
+ Vi —

300%E

4000

Figure 14: The circuit for Thévenin Equivalent Practice Problem 4.

Thévenin Equivalent Practice Problem 4

Find power dissipated in the 40¢ resistor for the circuit in Fig. 14 by replacing
the circuit to the left of the 40€) resistor with its Thévenin equivalent.

1. Redraw the circuit in Fig. 14, replacing the 40(2 resistor with an open
circuit. Use this circuit to calculate vg..

19



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 14 with the load
resistor removed, the voltage sources replaced by short circuits, and
the current sources replaced with open circuits. Then make series and
parallel combinations of resistors until a single equivalent resistor re-
mains. If there are dependent sources in the circuit, find the short
circuit current by redrawing the circuit in Fig. 14, replacing the load
resistor with a short circuit whose current is ig.. Use this circuit to find

Tgc-

3. Draw the Thévenin equivalent circuit and attach the 40€) resistor. Use
this circuit to calculate the power dissipated by this 40 resistor.

20



4. Check your solution by analyzing the original circuit in Fig. 14 to find
Pao-

21
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Figure 15: The circuit for Thévenin Equivalent Practice Problem 5.

Thévenin Equivalent Practice Problem 5

Find v, for the circuit in Fig. 15 by replacing the circuit to the left of the
16€2 resistor with its Thévenin equivalent.

1. Redraw the circuit in Fig. 15, replacing the 16£2 resistor with an open
circuit. Use this circuit to calculate vg..

22



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 15 with the load
resistor removed, the voltage sources replaced by short circuits, and
the current sources replaced with open circuits. Then make series and
parallel combinations of resistors until a single equivalent resistor re-
mains. If there are dependent sources in the circuit, find the short
circuit current by redrawing the circuit in Fig. 15, replacing the load
resistor with a short circuit whose current is ig.. Use this circuit to find

Tgc-

3. Draw the Thévenin equivalent circuit and attach the 16 resistor. Use
this circuit to calculate v,.

23



4. Check your solution by analyzing the original circuit in Fig. 15 to find
Vo

24
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Figure 16: The circuit for Thévenin Equivalent Practice Problem 6.

Thévenin Equivalent Practice Problem 6

Find the power dissipated in the 100€2 resistor for the circuit in Fig. 16
by replacing the circuit to the left of the 1002 resistor with its Thévenin

equivalent.

1. Redraw the circuit in Fig. 16, replacing the 1002 resistor with an open
circuit. Use this circuit to calculate vg..

25



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 16 with the load
resistor removed, the voltage sources replaced by short circuits, and
the current sources replaced with open circuits. Then make series and
parallel combinations of resistors until a single equivalent resistor re-
mains. If there are dependent sources in the circuit, find the short
circuit current by redrawing the circuit in Fig. 16, replacing the load
resistor with a short circuit whose current is ig.. Use this circuit to find

Tgc-

3. Draw the Thévenin equivalent circuit and attach the 1002 resistor. Use
this circuit to calculate the power dissipated in this resistor.

26



4. Check your solution by analyzing the original circuit in Fig. 16 to find
P1ooq-

27
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Figure 17: The circuit for Thévenin Equivalent Practice Problem 7.

Thévenin Equivalent Practice Problem 7

Find v, for the circuit in Fig. 17 by replacing the circuit to the left of the
25012 resistor with its Thévenin equivalent.

1. Redraw the circuit in Fig. 17, replacing the 2502 resistor with an open
circuit. Use this circuit to calculate vg..

28



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 17 with the load
resistor removed, the voltage sources replaced by short circuits, and
the current sources replaced with open circuits. Then make series and
parallel combinations of resistors until a single equivalent resistor re-
mains. If there are dependent sources in the circuit, find the short
circuit current by redrawing the circuit in Fig. 17, replacing the load
resistor with a short circuit whose current is ig.. Use this circuit to find

Tgc-

3. Draw the Thévenin equivalent circuit and attach the 2502 resistor. Use
this circuit to calculate v,.

29



4. Check your solution by analyzing the original circuit in Fig. 17 to find
Vo

30
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Figure 18: The circuit for Thévenin Equivalent Practice Problem 8.

Thévenin Equivalent Practice Problem 8

Find i, for the circuit in Fig. 18 by replacing the circuit to the left of the
8012 resistor with its Norton equivalent.

1. Redraw the circuit in Fig. 18, replacing the 80f2 resistor with an open
circuit. Use this circuit to calculate vg..

31



2. Are there dependent sources in the circuit? If not, find the Thévenin
equivalent resistor by redrawing the circuit in Fig. 18 with the load
resistor removed, the voltage sources replaced by short circuits, and
the current sources replaced with open circuits. Then make series and
parallel combinations of resistors until a single equivalent resistor re-
mains. If there are dependent sources in the circuit, find the short
circuit current by redrawing the circuit in Fig. 18, replacing the load
resistor with a short circuit whose current is ig.. Use this circuit to find

Tgc-

3. Draw the Norton equivalent circuit and attach the 80€) resistor. Use
this circuit to calculate 7,,.

32



4. Check your solution by analyzing the original circuit in Fig. 18 to find
lo-

33



Reading

e in Introductory Clircuits for Electrical and Computer Engineering:

— Section 3.9 — Thévenin and Norton equivalents

— Section 3.10 — more Thévenin and Norton equivalents
e in FElectric Circuits, sixth edition:

— Section 4.10 — Thévenin and Norton equivalents

— Section 4.11 — more Thévenin and Norton equivalents
e Workbook section — Node Voltage Method
e Workbook section — Mesh Current Method

Additional Problems

e in Introductory Clircuits for Electrical and Computer Engineering:

— 3.50 — 3.56
— 3.58

e in Electric Circuits, sixth edition:

— 458 — 4.62

— 4.66

— 469 — 4.70
Solutions

e Thévenin Equivalent Practice Problem 1:

Uoe = 3.70 V lse = 208.33 mA Rop = 180 UV, = 2.5 V.

e Thévenin Equivalent Practice Problem 2:

UOC:10V iSC:5A RThZQQ io:2A.

e Thévenin Equivalent Practice Problem 3:

Voo = 105 V lse = 13.125 A Ry = 8Q v, =70 V.

e Thévenin Equivalent Practice Problem 4:

Voc = 250V isc =25 A RTh = 1082 Paon = 1 kW.
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Thévenin Equivalent Practice Problem 5:

Voc = 20V ’isc =—125A RTh = 1612

Thévenin Equivalent Practice Problem 6:

Voe = 10 V lse = 1.5 A Ry, = 5002

Thévenin Equivalent Practice Problem 7:

Voe =125V i.=2A Ry, = 62.5Q

Thévenin Equivalent Practice Problem 8:

Voe = 120 V lse =3 A R = 40Q

35

v, = —10 V.
Piooo = 25 W.
v, = 100 V.
i, =1 A.
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