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Abstract
A simple proof of Thevenin’s theorem suitable for undergraduate teaching is presented. A modified node equation
technique is developed for this purpose.
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Resumen
Se presenta una sencilla demostracion del teorema de Thevenin, adecuada para la ensefianza de pregrado. Se ha

desarrollado para este propdsito Una técnica de ecuacién modificada de nodo.
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I. INTRODUCTION

Proof of Thevenin’s theorem using algebraic manipulation of
circuit equations is not available so far as my knowledge goes.

The proof methods that are available in literature contain
lots of reasoning expressed in natural language and therefore
become difficult to use them in undergraduate teaching. In this
paper we present a proof of Thevenin’s theorem using
algebraic method. For this purpose we develop the modified
node equation representation technique applicable to a general
electrical circuit.

I1. MODIFIED NODE EQUATION TECHNIQUE

Assume that the circuit has n+1 nodes of which node #0 is
labeled as reference node. The circuit contains LRCM passive
elements, independent voltage and current sources and linear
controlled sources. The following algorithm would augment
the circuit so that node equation technique may be used for its
analysis. The underlying concept is to replace all the sources
other than the independent current sources by unknown
current sources. With these replacements included, one can
easily obtain n node equations associated with n nodes. To
solve the circuit, however, one would require n+m number of
equations, where, m is the total number of active sources that
are replaced by unknown current generators in the augmented
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circuit. The extra m equations are readily obtained from the
specifications of the replaced sources.

A Augmentation algorithm

¢ Replace all independent voltage sources, controlled
current sources and controlled voltage sources by
unknown current sources.

o Obtain the set of n node equations corresponding to n
nodes of the circuit.

e For an independent voltage source equate the output
voltage with the difference between the terminal node
voltages to get an extra equation.

e For a controlled source express the control law in terms
of the node voltages and the circuit parameters to get the
necessary extra equation.

The technique is illustrated by the following example.

B Example

Consider the circuit shown in Fig 1. It contains one
independent current source l;, two independent voltage
sources E; and E2 and one controlled voltage source VC. The
independent and controlled voltage sources are replaced by
unknown current sources J; through Js as shown in Fig 2.

http://www.lajpe.org



Anup Kumar Bandyopadhyay

I

FIGURE
2. Modified example circuit.

Complete set of equations representing the circuit is as
follows:

[Y1+Y5 -Y5 0 -v1 o + 0 olfw] o
-Y5 Y5 0 0 0 0 +1 0f|w| |o
0 0 Y4 0 -va 0 -1 o]l |o
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0 0 -Y4  -Y3  Y3+Y4 0 0 +1f|w| |0
+1 0 0 0 o 0 o0 ollul||g
0 +1 -1 0 o 0 0 ol |E

| o 0 0 -2 +1 0 0 ol |o]

The above set of equations will be referred to as modified
node equations. The advantage of this technique is that it can
handle all types of linear sources.

I11. THEVENIN’S THEOREM

Consider two one port networks A and B that are connected as
shown in Fig 3.

Network A may contain only linear passive elements and
linear independent and controlled sources. On the other hand
there is no restriction of linearity for network B. However,
following constraint exist:

1. There is no electromagnetic coupling between network A

and B.
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2. There exists no source at network A that is controlled by
any voltage or current in network B.
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FIGURE 3. Example configuration.
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FIGURE 4. Example configuration with network B replaced by a
current source.

Under this condition Thevenin’s theorem states that the
network A may be replaced by a voltage source V¢ connected
in series with an impedance Zo where Vo is the open circuit
voltage measured at the port of A and Zs is the driving point
impedance of A with all the independent sources in A reduced
to zero

A. Proof

There exists no coupling between the circuits A and B. We can
consider network A separately with an output current Iy
flowing away from its port as shown in Figure (4). The port
current 1; and the port voltage Vi will be the solution of the
pair of equations relating V1 and 11 in A and in B respectively.

Thevenin’s theorem aims at deriving the relationship valid
for the first network that is network A. In general A can be
represented by the modified node equation in the following

form:
Y U||lV _ |
c QllJil el
Let:
v _Y U
M= Q
Also:
Yy t=2zM.

And an element of zM is denoted by zi'}/' .
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Since there is no coupling between A and B all the elements

of zM must be constant. Considering one terminal of the port
of A as node #1 and the other as the reference node we get:

n n+m
_ M M. M .
Vi=-271 I1+.Zz1i I,+.Z 23 Ej.
i=2 j=n+1

From which one gets:

n n+m
Vil =0=Ve = X li+ Y 7] Ej.

i=2 J=n+1
And:
M
le = Ze
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Where Zg is the driving point impedance of the network A
when all the independent sources are made equal to zero.

Hence the theorem is proved.
V1. CONCLUSIONS
A modified node equation technique has been developed that
can include any type of linear independent and controlled
sources. The technique is applied to prove Thevenin’s
theorem. Strength of the technique lies in its simplicity.
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