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Thévenin's theorem
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In circuit theory, Thévenin's theorem for linear electrical networks states that any combination of voltage
sources, current sources and resistors with two terminals is electrically equivalent to a single voltage source
V and a single series resistor R. For single frequency AC systems the theorem can also be applied to
general impedances, not just resistors. The theorem was first discovered by German scientist Hermann von

Helmholtz in 1853011 but was then rediscovered in 1883 by French telegraph engineer Léon Charles
Thévenin (1857-1926).[2113]

This theorem states that a circuit of voltage sources and resistors can be converted into a Thévenin
equivalent, which is a simplification technique used in circuit analysis. The Thévenin equivalent can be
used as a good model for a power supply or battery (with the resistor representing the internal impedance
and the source representing the electromotive force). The circuit consists of an ideal voltage source in
series with an ideal resistor.
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Calculating the Thévenin equivalent

To calculate the equivalent circuit, one needs a resistance and some voltage - two unknowns. And so, one
needs two equations. These two equations are usually obtained by using the following steps, but any
conditions one places on the terminals of the circuit should also work:

1. Calculate the output voltage, Vg, when in open circuit condition (no load resistor - meaning infinite
resistance). This is Vry,.

2. Calculate the output current, /55, when the output terminals are short circuited (load resistance is 0).
Ry, equals Vo, divided by this /5p.

= The equivalent circuit is a voltage source with voltage Vy, in series with a resistance Ryy,.
Step 2 could also be thought of like this:

2a. Now replace voltage sources with short circuits and current sources with open circuits.
2b. Replace the load circuit with an imaginary ohm meter and measure the total resistance, R,
"looking back" into the circuit. This is Ryy,.

The Thévenin-equivalent voltage is the voltage at the output terminals of the original circuit. When
calculating a Thévenin-equivalent voltage, the voltage divider principle is often useful, by declaring one
terminal to be V, and the other terminal to be at the ground point.

The Thévenin-equivalent resistance is the resistance measured across points A and B "looking back" into
the circuit. It is important to first replace all voltage- and current-sources with their internal resistances. For
an ideal voltage source, this means replace the voltage source with a short circuit. For an ideal current
source, this means replace the current source with an open circuit. Resistance can then be calculated across
the terminals using the formulae for series and parallel circuits. This method is valid only for circuits with
independent sources. If there are dependent sources in the circuit, another method must be used such as
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connecting a test source across A and B and calculating the voltage across or current through the test
source.

Example
y 2kQ 75y 1ka
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tep 2: Calculating th ivalent
Step 1: Calculating the equivalent output Step 2: Calculating the equivalen

Step 0: The original circuit resistance
voltage
In the example, calculating the equivalent voltage: 2 kO
Ry + R R
ch:(R _:;,_)_T_R'Vl Veq -
2T 4 75V
1K+ 1K .
o (1 kO +1 kQ) + 2k . Step 3: The equivalent
circuit
1
=5 1BV =75V

(notice that R is not taken into consideration, as above calculations are done in an open circuit condition
between A and B, therefore no current flows through this part which means there is no current through R
and therefore no voltage drop along this part)

Calculating equivalent resistance:
Req = Ry + [(R2 + R3) || Ry)]
= 1kQ + [(1kQ + 1kQ) [|2kS)]

1 1\
= 1+ ((1kQ+ TOM (2kQ)) = 2k0

Conversion to a Norton equivalent

Main article: Norton's theorem

A Norton equivalent circuit is related to the Thévenin A Rin
equivalent by the following equations: Lo A
W,
R R th
Ry = RNﬁ he
VThv =1 NoilNo B
Vrn/ Rrn = Ino B

Practical limitations

= Many, if not most circuits are only linear over a certain range of values, thus the Thévenin equivalent
is valid only within this linear range and may not be valid outside the range.
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= The Thévenin equivalent has an equivalent I-V characteristic only from the point of view of the load.

= Since power is not linearly dependent on voltage or current, the power dissipation of the Thévenin

equivalent is not identical to the power dissipation of the real system.

Footnotes
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External links

= Origins of the equivalent circuit concept (http://tcts.fpms.ac.be/cours/1005-01/equiv.pdf)
= Thevenin's theorem at allaboutcircuits.com (http://www .allaboutcircuits.com/vol_1/chpt_10/8.html)
= ECE 209: Review of Circuits as LTI Systems

(http://www tedpavlic.com/teaching/osu/ece209/support/circuits_sys_review.pdf) — At end, shows
application of Thévenin's theorem that turns complicated circuit into a simple first-order low-pass
filter voltage divider with obvious time constant and gain.
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