Understanding Complex
Impedances using the

Smith Chart
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Resistance

Resistance (Q)) is the property of a conductor to
impede current flow.

Voltage and current are in phase.

Power is dissipated as heat.



Capacitive Reactance

Capacitive Reactance (Xc) is the property of a capacitor to
impede current flow.

It varies with frequency. With a DC voltage applied there is no
current flow at all. If an AC voltage is applied, then the
reactance is dependant upon the frequency.

Xc = 1 Ohms
2nfC

Current leads the voltage by 902

Imagine this by the analogy of a battery - current needs to flow
into the battery before the voltage builds up.



Inductive Reactance

Inductive Reactance (X ) is the property of an inductor to
impede current flow.

It increases with frequency. With a DC voltage applied, it
appears as a short circuit. If an AC voltage is applied, then the
reactance is dependant upon the frequency.

X = 2nfL  ohms

Voltage leads current by 902



Real and Imaginary Quantities

While both resistance and reactance are measured in Ohms, there is a difference
between the two. Resistance can turn power into heat, but reactance can only reflect
power back to the source.

To differentiate between the two, we say that resistance and reactance are at right angles
to each other (its a bit like saying that width and height are measured in the same units
but they are completely different measurements).

Resistance is measured in ohms (Q).

Capacitive reactance is measured in — jQ. —j means it’s at right angles to resistance, and
capacitive.

Inductive reactance is measured in + jQ. +j means it’s at right angles to resistance, and
inductive.



Real and Imaginary Quantities

Resistance (R)

Inductive Capacitive
Reactance Reactance
XL XC

In any circuit that comprises resistance and reactance we cannot simply add the values
to each other, as they are at right angles. We need to add their vectors together using
Pythagoras’ laws. The result is called IMPEDANCE (Z2).

Resistance (R)

Impedance (Z) Inductive

Capacitive
Reactance e
XL Impedance (Z) XeaC ance

c

Resistance (R)

Z=\/R2+XL2 or Z=\/R2+XC2




Impedance (Z)

AI

The problem with defining impedance in ohms, is that it says nothing about the ratio of
resistance and reactance. There are an infinite number of ways to make up any given value
of impedance from resistive and reactive components.



Impedance (Z)

So we can define impedance in two ways.
(1) Asthe vector addition of the real and imaginary components:

= Advantage — easy to understand.
= Disadvantage — we have lost any knowledge of the reactive components.

(2) By stating the resistive and reactive components separately. This retains details of the
reactive components. For example:

R+jX or R-jX_

It is this latter method that is displayed graphically in a Smith Chart.
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