
Loudspeaker Physics And Forced Vibration
Are you mesmerized by the powerful sound that fills the air when you attend a
concert or listen to your favorite music on a high-quality sound system? Have you
ever wondered how the intricate components of a loudspeaker work together to
produce such immersive sound waves? In this article, we will dive deep into the
world of loudspeaker physics and explore the fascinating concept of forced
vibration.

The Basics of Loudspeaker Physics

Before we delve into the mechanics of loudspeakers, it's important to understand
the basics of sound. Sound is a form of energy that travels through a medium,
such as air, water, or solid materials. When sound is produced, it creates waves
that compress and decompress the molecules in the medium, resulting in the
perception of sound by our ears.

Loudspeakers are transducers that convert electrical energy into sound energy.
They consist of several key components, including a diaphragm, voice coil,
magnet, and a frame. When an electrical current flows through the voice coil, it
interacts with the magnetic field generated by the magnet. This interaction causes
the voice coil to move back and forth, which in turn moves the diaphragm. As the
diaphragm vibrates, it pushes and pulls on the air molecules to create sound
waves.
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Forced Vibration: Unraveling the Phenomenon

Forced vibration is a phenomenon that occurs when an external force or vibration
is applied to an object, causing it to vibrate at a specific frequency. In the case of
a loudspeaker, forced vibration is crucial for producing sound. The electrical
signals sent to the voice coil create a force that moves the diaphragm, resulting in
the desired sound waves.

Understanding forced vibration requires knowledge of resonance. Resonance is
the tendency of a system to vibrate with increased amplitude at certain
frequencies. In a loudspeaker, the natural frequency at which the diaphragm
vibrates is known as the resonant frequency. By applying an electrical signal with
the same frequency as the resonant frequency, the diaphragm can be forced to
vibrate with the maximum efficiency.

The concept of forced vibration is not limited to loudspeakers. It can be observed
in various fields, including engineering, physics, and music. For example,
musicians often use a guitar pick or bow to create forced vibrations in string
instruments, producing the desired musical notes.

Optimizing Loudspeaker Performance
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For loudspeakers to deliver optimal performance, engineers consider several
factors during the design process. One important aspect is the selection of
materials for the diaphragm, voice coil, and magnet. These materials must be
lightweight yet durable to ensure efficient energy transfer and minimal distortion.

Another crucial factor is the design of the enclosure. Loudspeakers are often
housed in cabinets or enclosures to prevent sound waves from canceling each
other out and to enhance bass response. The size, shape, and construction of
the enclosure can significantly impact the overall sound quality produced by the
loudspeaker.

Furthermore, loudspeakers are designed with crossovers to separate and direct
different frequency ranges to specific driver units, such as woofers, tweeters, and
mid-range drivers. This division ensures that each driver unit operates within its
optimal frequency range, resulting in a balanced and accurate sound
reproduction.

Exploring the realm of loudspeaker physics and forced vibration helps us
appreciate the engineering marvels that enable us to immerse ourselves in the
world of music and sound. Understanding how electrical signals and vibrating
diaphragms work in perfect harmony leads to the creation of powerful and
captivating audio experiences. Next time you attend a concert or enjoy your
favorite tunes, take a moment to appreciate the intricate science behind the
loudspeakers responsible for bringing your soundscapes to life!
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This book is a study of the workings of dynamic loudspeakers and dynamically
forced vibration. With its wealth of practical observations and real-life examples,
this work will prove invaluable to the practicing motor design or loudspeaker
design engineer, as well as researchers and students in electroacoustics.

The book is based on a lifetime’s accumulated knowledge by acclaimed speaker
designer William H. (Bill) Watkins. It differs from the usual tone of most technical
books on this subject by initially presenting, and analyzing in full, the function of
each key parameter of a reference dynamic loudspeaker. Each parameter’s value
is then calculated and also confirmed via lab measurements to vividly illustrate all
energy-transduction facets of loudspeaker operation and the forced vibration.
This presentation style makes the analysis both more engaging, intuitive, and
easier to comprehend compared to most previous works in the field.

The principles of this book apply to all direct reciprocating motors, not just those
in a dynamic loudspeaker. Unique to the book is an entire chapter dedicated to
the discussion of back-EMF voltage, discussed from several technical points of
view and analyzed in depth as related to the dynamic transfer of energy between
the mechanical and electrical domains. Another unique feature is a detailed
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discussion of Watkins’ patented dual-motor concept to achieve high dynamic
speaker performance in the region of its low-frequency resonance.
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