Unit 12 Complex impedance of R C L

The general form of Ohm’s law is

V=ZxI

where Z is called the complex impedance.
e T he impedance of a resistor is R.
. . . 1
e T he impedance of a capacitor is 700"

e [ he impedance of an inductor is jwL.

The units of impedance are Ohms.
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For a resistor the voltage and the current are
in phase.

For a capacitor or for an inductor the current
and voltage are out of phase by 90° or g

Representation by trigonometric functions is
cumbersome

A more elegant approach is to use complex
numbers

Use the relationship

el = cosf + jsing

where j = /—1.

Note that in electronics we use 5 rather than
to represent /—1 because of the possibility of
confusion with ¢ when it is used to represent
a current.
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A sinusoidally varying voltage can then be
represented by the imaginary part of:—
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Generalise Ohm’'s Law to get:—

V. = ZI
where Z = Complex Impedance
and Zp = R for a resistance
Zo = L for a capacitor
qwC

and Z; = jwL for an inductor
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Calculate the impedance of a O.1uF capacitor
at a frequency of 19kHz.

The impedance of a capacitor is:—

Zc

qwC
1
127 fC
—J
2 fC

—J
2119 X 103 x 0.1 x 10~
—J
0.01193
—83.87 Ohms
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In the equation

Zo = —83.87 Ohms

The 83.8 gives the numerical relationship be-
tween the magnitude or amplitude of the volt-
age and current waveforms.

The 5 indicates that the voltage and current
sinusoidal waveforms are 90° out of phase
with each other

The — sign indicates that the current wave-
form leads the voltage waveform.




