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CONCEPT Impedance is an essential concept in electrical
engineering and physics that describes how much an electrical
circuit resists the flow of electrical current. It refers to the
measure of opposition to the flow of alternating current (AC). It is a
combination of resistance and reactance and is measured in units

of ohms (Q).
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One application that exemplifies impedance is in the design and tuning of audio systems, particularly in the
area of speaker impedance matching. In audio systems, the impedance of the speakers is an important
factor that affects the performance and quality of the sound.

When designing an audio system, engineers must carefully consider the impedance of the speakers and
ensure that the amplifier driving the speakers has a matching impedance. If the speaker impedance is too
high or too low, it can cause the amplifier to deliver less power to the speaker, resulting in a reduction in

volume and potentially damaging the amplifier.

BACKGROUND

In the early 20th century, Oliver Heaviside
further developed the theory of impedance
and introduced the concept of inductance.
Heaviside’s work was essential in the
improvements of telegraph and telephone
systems, which relied on understanding the
properties of electrical circuits. In the mid-20th
century, the theory of impedance was further
developed through the work of scientists such
as John R. Pierce and Hendrik Bode, who
applied it to the design of electronic circuits
and communication systems.

J

SPEAKER SPEAKER SPEAKER

Learn more at illuminatenebraska.org



SCIENCE > CIRCUITS, CIRCUIT ANALYSIS, KIRCHHOFF'S LAWS > IMPEDANCE
FORMULAS Wake sure i+ measures up

There are several formulas related to impedance in electrical
circuits. Here are a few:

OHM’S LAW: Ohm'’s Law relates the voltage (V), current (l), and EXAM PLES

resistance (R) in a circuit. The formula is V = IR. This formula can

be used to calculate the voltage across a resistor in a circuit, Impedance can be found in a

given the current and resistance. variety of electrical and electronic

systems. Here are a few examples:
CAPACITIVE REACTANCE: Capacitive reactance (Xc) is the

opposition to the flow of current in a capacitor due to the SPEAKERS: Speakers have

capacitor’s ability to store charge. The formula for capacitive impedance, which is usually

reactance is Xc = 1/(2nfC), where f is the frequency of the AC measured in ohms. The

signal and C is the capacitance of the capacitor. impedance of a speaker affects its
performance, including its volume

INDUCTIVE REACTANCE: Inductive reactance (XL) is the and frequency response.

opposition to the flow of current in an inductor due to the

inductor’s ability to store energy in a magnetic field. The formula FILTERS: Filters use impedance to

for inductive reactance is XL = 2nfL, where f is the frequency of allow certain frequencies to pass

the AC signal and L is the inductance of the inductor. through while blocking others. This
is important in audio and radio

IMPEDANCE: Impedance (Z) is the total opposition to the flow of frequency applications, where filters

current in a circuit, taking into account resistance, capacitance, are used to clean up signals.

and inductance. The formula for impedance is Z = R + j(XL - Xc),

where R is the resistance, XL is the inductive reactance, TRANSMISSION LINES:

Xc is the capacitive reactance, and j is the imaginary unit. Transmission lines, such as coaxial
cable or fiber optic cable, have

These are just a few of the formulas related to impedance in characteristic impedance. This is the

electrical circuits. Impedance is a complex concept that requires impedance that the line presents to

a thorough understanding of electrical theory and mathematics. a signal, and it affects the signal’s

propagation speed and quality.

ELECTRIC MOTORS: Electric

motors have both electrical and
mechanical impedance, which affect
their performance. The electrical
impedance determines the amount
of current that flows through

the motor, while the mechanical
impedance determines the motor’s
ability to move.
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