Unit 19 Thévenin's Theorem

Any linear electronic system, having two out-
put terminals, can be fully modelled by a volt-
age source, Vg, in series with an impedance,
called the output impedance, Z5t -

A voltage source gives a constant output
voltage which does not depend on the cur-
rent drawn from the voltage source.

Unknown -
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Two good examples which approximate to
the ideal voltage source are.—

e The mains AC power supply. The RMS
voltage at the wall socket remains at a
constant 240V and is independent of the
current drawn.

e A lead acid car battery. The voltage at
the battery terminals in a car remains
constant at 12V whether we operate the
clock which draws 10 mA, the radio which
draws 3A, the headlights which draw 14A
or the starter motor which draws 120A.
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We can then model these two measurements
of the open circuit output voltage and the
short circuit current with these circuits

R L Vout Open circuit
out —

Iout short circuit
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For a PP9 battery

Open circuit output voltage = 9V

Short circuit current = 3A

The current is limited by the internal resis-
tance of the electrolyte and electrodes of the

battery.
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Model the PP9 battery by a 9V voltage source
and a resistance internal to the battery called
the Output Resistance, Ryt

Rqoyt s physically equivalent to the resistance
of the internal electrolytes and electrodes.

For the PP9 battery we therefore have
_ 9V _
Rout = 374 = 342

We do not normally short the output of a
circuit with an ammeter in order to measure
the short circuit current.

The concept of short circuit current is, how-
ever, very useful for defining the output re-
sistance.
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Take a less drastic approach

To measure the output resistance of an elec-
tronic system:—

Measure the voltage at the output terminals
as a function of the current drawn from the
terminals.

The short circuit current can then be ob-
tained by extrapolation.
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The table below shows the terminal voltages
and currents which were measured when the
specified resistance was connected across a

PP3 battery.

Calculate the Thévenin equivalent circuit for

the PP3 battery.

slope =-6.07 VIA

®) ' out

R Ohms | Vot | 1oyt MA
500kS2 | 8.91 0.00
1k<2 8.82 9.18
470L2 8.75 18.70
1802 38.56 49.10
100£2 8.39 85.70
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slope =-6.07 VIA

(a) ” (b) oot 100mA

The output voltage is plotted against current
The slope of the curve is —6.07V A~ which,
when extrapolated, gives an intercept at

38.91

I : L= —147A
short circuit 6.07

Vopen circuit _ 3.91 6070

Ishort circuit 1.47

which is the slope of the V—I characteristic!
So this PP3 can be modelled by an 8.91V
voltage source in series with 6.072.

hence Ryt =
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Calculate the Thévenin equivalent of this cir-
cuit
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A voltmeter draws very little current

Ve = Vopen circuit
180

X
330 + 180
2.12V

oV
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Connect an ammeter across the output
R gmmeter = 052

330Q 330Q
130Q

6V

130
3304 130

Vy X6V =1.7V

1.7
Therefore ISC — m = 3.61mA

V. CCL 2.12V
Giving Rt = Iopen circuit __

— — 58612
short circuit 3-61mA

——AAMN—

586 Q
—_— 212V
L .




Unit 19 Thévenin's Theorem
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i A
g R = 6MQ !
—— 200v ? AMQ - R, = 10MQ (D

Calculate the voltage which would be mea-
sured by a 10MS2 input impedance voltmeter
connected, as shown, between ground and
point A

AAA—ANN——

6MQ 3MQ

- 200V 2.86 MQ§

2.86

= X 200V = 48.2V
286 +6+3




