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Abstract

Plasma loudspeakers have existed for quite some time, yet they are quite underutilized. They 
are unheard of even to many professional sound engineers. Ionizing the air between two 
electrodes produces a plasma, an ionized gas, that under the right circumstances can produce 
acoustic sound waves, making it a loudspeaker. As plasma loudspeakers differ greatly from 
conventional loudspeakers and have some unique properties that might provide solutions to 
sound reproduction problems that conventional loudspeakers can not, there may be applications 
where plasma loudspeakers are favorable to conventional loudspeakers. This literary review will 
compare plasma loudspeakers to conventional loudspeakers to reach an understanding of the 
different technologies and their potential.

The physics and properties of both plasma loudspeakers and dynamic loudspeakers were 
researched. Using this information a comparison was be made regarding three properties 
important to loudspeaker design: Frequency response, directionality and sound pressure level. 
Using this comparison 3 examples of application are discussed where the properties of the two 
technologies was compared: Hybrid systems, PA-systems and large area coverage. While 
plasma loudspeaker technology has some limitations to overcome, among them low frequency 
reproduction and hazardous by-products, this study shows beneficial properties in regards to 
high frequency reproduction, transient response, directionality and diversity.
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Introduction
Having existed for a long time, plasma loudspeaker designs are still underutilized and largely 
unheard of even by professional sound engineers and loudspeaker designers. Researching the 
properties of plasma loudspeakers and comparing them to dynamic loudspeakers, the design 
most commonly utilized today, will hopefully result in better understanding about plasma 
loudspeakers and identify applications where plasma loudspeaker design might provide better 
solutions than dynamic loudspeaker design.

A loudspeaker will recieve a audio signal, an electric current where the voltage is modulated to 
mimic the  movement of sonic waves. Both plasma and dynamic designs, thus, transduce 
electric energy to kinetic energy and in both designs a voltage modulated electric current causes
the components in the loudspeaker to move and thus modulate the particle density in the air 
around the speaker. The fundamental differences between the two designs is the size, shape 
and mass of the moving parts. In a dynamic loudspeaker the electric current powers a magnet 
and thus creates a magnetic field that in turn moves a voice coil which in turns moves a 
diaphragm that pushes the air, altering its density. 

In a plasma loudspeaker the electric current is projected into a plasma through an electrode, 
manipulating the plasma that, in turn modulates the particle-density in the air.

The plasma field, much like the diphragm in a dynamic speaker, is the component that moves 
the air. The electrodes main purpose is to heat up the air sufficiently for the air to ionize and 
cause this movement in the field (that pushes the air).

This essay will further research these two technologies and their properties to evaluate which 
applications would benefit from properties found in plasma loudspeaker technology the dynamic 
loudspeaker techology lacks. As plasma is usually not a subject mentioned much in loudspeaker 
design, and thus knowledge of plasma, its physics and properties may be lesser than knowledge
of the physics and properties of dynamic loudspeakers by loudspeaker designers, the physics of 
plasma will be researched in greater detail than the physics if dynamic loudspeakers. The 
differences between the two technologies will be discussed. After the differences are clear, 
possible applications where properties of plasma speaker technology would be beneficial will be 
discussed.

Purpose
The purpose of this research is to identify applications where plasma loudspeakers can be 
successfully used. This information would be beneficial in designing plasma loudspeakers as 
one could focus design towards applications that would benefit from characteristics typical to 
plasma loudspeakers. It may also provide new and better solutions to applications where 
conventional solutions are not ideal.
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Plasma loudspeakers

What is plasma?
Plasma is one of the four states of matter. A sufficiently heated atom decomposes into negatively
charged electrons and positively charged ions, it ionizes. But at temperatures needed to ionize 
an atom, the bonds between the molecules forming a structure breaks, meaning the molecules 
separate, effectively breaking down solids to fluids and fluids to gas before the ionization begins.
When the random kinetic energy of the molecules exceeds the ionization energy, some electrons
are stripped from the atoms through collisions, an assemblage of electrons and ions is formed 
[1].

With no interatomic bonds the ionized particles are held together by each other´s 
electromagnetic fields rather than any atomic or molecular structure. American chemist Irving 
Langmuir used the term “plasma” to describe ionized gas. Fitzpatrick´s definition of plasma is 
somewhat different, stating that “because the charges are no longer bound, their assemblage 
becomes capable of collective motions of great vigor and complexity. Such an assemblage is 
termed a plasma” [2]. Implying that plasma is a collection of charged particles, not structurally 
bound to each other, in such a proximity of each other that they affect each other´s magnetic 
fields. Fitzpatrick´s definition implies that an ionized gas is a form of plasma, but not the only 
form.
Plasma is, however, expected to be neutrally charged, meaning it has an equal number of 
positive and negative charges, quoting Gurnett [1]: “The definition of a plasma requires that any 
deviation from charged neutrality must be very small”. Local deviations from charge neutrality 
may occur but are usually small due to strong electric fields produced to restore charge neutrality
[1]. These deviations from charge neutrality and the subsequent electric fields produce an 
oscillating effect due to the electron displacement that give rise to the deviation, and the electric 
fields subsequent restoring force. The system behaves like a harmonic oscillator. This is called 
the plasma frequency, electron plasma frequency or the Langmuir wave.

Another aspect of the plasma state is the collision frequency. The particles in a plasma collide 
with each other due to thermal speed of the heated particles [1]. Two definable types of collisions
are present in a plasma, those between charged and neutral particles and those between 
charged particles. Collisions between charged particles, however, behave fundamentally 
different from collisions between charged and neutral particles because of the coulomb force. 
Gravitational force has very short range in collisions between charged and and neutral particles, 
no coulomb force is exerted due to no charge attraction or repulsion between charged and 
neutral particles. Collisions between charged particles are subject to the coulomb force, 
described by Coulomb´s law describing the electrostatic interaction between charged particles, 
meaning the charged particles are either attracted to, or repulsed by, each other´s electrical 
charge and at the edge if a field this acts as a harmonic oscillator [1].

When a plasma is disconnected from its power source or is too far away from its source, for 
example at the edges of the plasma, there is a decay in the electron density due to rapid 
decrease in electron temperature as the plasma cools equal to the surrounding gas temperature.
In other words; when the ionization of the plasma stops, the the plasma field decays as the 
particles recombine to more stable structures. The rate at which the particles recombine is called
the recombination rate. This phenomenon is called a plasma afterglow [4].

It is interesting that for a gas to behave like a plasma, only a small fraction of the gas needs to 
be ionized. Meaning weakly ionized gases show many of the same characteristics of a fully 
ionized gas [2]. The air in which the plasma discharges are interesting, in regards of being used 
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as a loudspeaker, is qualified a weakly ionized gas, thus there is neutral gas present in the 
plasma.

Plasma is, by far, the state of matter most common in the universe, some stating that 99 % of all 
visible matter in the universe is in some form of plasma state [1]. The most common occurrence 
of plasma in Earths atmosphere is lightning. When lightning occurs the air is ionized by the high 
temperatures produced by electrical currents within the lightning discharge [1].

Acoustic waves in plasma 
In an experiment researchers have observed a displacement of the constricted discharge path, 
this according to an example presented by Ingard [4]. This displacement was believed to occur 
because of acoustic waves produced in the neutral-gas component of the plasma. This would 
point to the existence of acoustic waves in a electrically modulated plasma. Another example by 
Ingard [4] suggests that the electron density and light emission of a decaying discharge, plasma 
afterglow, were modulated, supposedly caused by the pressure waves produced by the 
discharge itself.

This would point to existence of waves, caused by an electric discharge, in plasma afterglow. 
Ingard provides more examples of sound waves introduced to into a plasma modulating the 
electron density of the plasma.

This means that electrical modulation in plasma
discharges can control the electron density of a
plasma through production of pressure waves by the
discharge itself, applying compression and rarefaction
to the electron density, effectively producing waves in
the plasma. the frequency of these waves is the
plasma frequency. These waves in electron frequency
affect the collision frequency, thus the recombination
rate in the plasma afterglow in the edges of the
plasma producing acoustic waves [3,4]. 

Using these examples as a reference it would seem
that an electric discharge can be used to create
plasma by ionizing the air around the discharge point.
The electricity continues into the ionized air, the
plasma, and applies pressure to the electrons in the
plasma. This pressure is modulated by the energy
introduced into the discharge. Modulated by the
energy source, the pressure on the electrons alters
the the electron density in the plasma effectively
producing waves is the electron density by creating a
motion of the electrons in phase with the frequency of oscillation produced by the electric source.
This affects the neutral-gas density effectively producing sonic waves. It would seem necessary 
to control the oscillations in the electric current to subsequently control the frequencies produced
in the plasma. One way to do this is by using a resonant transformer, such as a tesla coil, to 
control the modulation of the frequencies produced by the electric current [5].

If an audio signal is introduced into the electric current, modulating its voltage, the modulation of 
the electron density in the ionized air caused by the signal produces a modulation in the electron
density of the plasma. This modulation affects the neutral air around the plasma causing 

6



compression and rarefaction of the density of the molecules in the air, in other words producing 
sound waves [3]. To put it another way, the audio signal is converted into sound waves through 
the plasma into the air.

Hot and cold plasma
There are different ways plasma could be used to produce sound waves. Two ways to produce 
these are often categorized as hot plasma and cold plasma. They both are capable of producing 
sound in plasma loudspeakers but by different methods, though the hot-plasma technology 
seems to be more utilized than cold-plasma.

Hot-plasma loudspeakers use the heat produced by the current in the plasma to alter the 
density of the gas. As the plasma gets heated, the movement of the charged and the neutral 
particles increases. This modulates the density of the gas and, as a result, produces acoustic 
waves. The temperature of the gas changes with the signal producing the plasma, and an audio 
signal introduced makes for audible sound wave generation 

Cold-plasma speakers use a
“sending” electrode, high curvature,
and a “receiving” electrode, low
curvature, to produce a so called
ionic wind. The ions move from one
electrode to another in a uniform
direction. As they move they collide
with neutral gas molecules,
transferring momentum from ions to
neutrals, thus creating a gas flow in
the wanted direction. A audio signal
introduced in this motion will alter the flow, producing sound waves.

Discharges
There are several types of discharges interesting for plasma loudspeaker design, categorized by
F. Bastien [3] as:

• Low pressure discharges

• Arcs

• Corona discharges

The low pressure discharge can be described as an altered version of an ordinary soundwave 
in a neutral gas. The neutral gas being the portion of the weakly ionized gas that is not ionized. 
As a sound wave produces a modulation of the neutral gas density, that modulation also 
produces a modulation of the electron density in the plasma. The modulation of the intensity of a 
signal that is transmitted through a plasma afterglow depends on the relative change in pressure
produced by the soundwave. Bastien also states that when acoustic wave frequencies are 
smaller than both the plasma frequency and collision frequency between neutral particles, the 
motion of both the negatively charged, positively charged and neutrally charged particles are in 
phase with each other and the changes in density of all particles are the same. In other words, 
the energy introduced into the plasma produces a sound wave in the neutral part of the weakly 
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ionized gas. This sound wave, being a modulation of the gas density, also modulates the plasma
frequency and the collision frequency between neutral particles. This modulation of the plasma 
frequency should further modulate the acoustic wave, already produced in the neutral gas 
density, in the air beyond the plasma increasing the amplitude of the sound wave. Bastien 
presents a criterion of wave amplification in a weakly ionized gas: “The amplification mechanism 
is related to the fact that the perturbation in gas density produced by an acoustic wave perturbs 
the electron density and thus the rate of energy flow from the electrons to the neutrals”. 

The discharge called Arc is an atmospheric pressure arc, a thin discharge at thermodynamic 
equilibrium. This thermodynamic equilibrium meaning equilibrium between the rate of ionization 
and the rate of recombination. This discharge is essentially the same as natural lightning and the
rapid transition of energy to arc increases pressure resulting in a shock wave. This shock wave 
is a pressure modulation which, if generating the right frequencies, becomes an audible one. 

Corona discharges are produced in the air-filled gap between two electrodes. Bastien uses the 
term corona for a “pre-breakdown discharge near a sharp electrode” [3]. This is essentially a 
discharge prior to an arc forming between two electrodes. This means that currents to low to 
produce an arc may still produce a corona where the differently charged particles collide with 
each other and the air molecules that are still neutral. Modulating the current with an audio signal
can alter the collision frequency to fluctuate with the acoustic frequencies of the audio signal. 
The electron temperature is relatively high inside this corona discharge but temperature of the 
ions and neutrals is lower, almost equal to the surrounding temperature. According to Bastien 
these corona discharges behave differently depending on certain properties. These properties 
include: the polarity and width of the point, the gas present inside the corona and the length of 
the gap between electrodes. Three stages are presented by Bastien [3] for a positively charged 
point. These are dependent on the voltage introduced to the discharge. The three stages are as 
follows:

• “The domain of autostability (burst pulses, pre-onset streamers)”. The stage of 
autostability, meaning the discharge is stable on its own accord, by it´s own 
characteristics

• “The domain of the pulseless glow corona.” 
• “The domain of the stable impulse discharge with pulses regularly spaced in time.” 

There are, similarly, three stages for a negatively charged point:

• “The domain of autostabilisation.” 
• “The domain of discharge with regular pulses(Trichel pulses).” 
• “The domain of continuous current discharge”

Bastien states that both polarities were usable to produce sound but the negative point usually 
allowed higher current. Positive point usually produced noise at these high currents.
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Characteristics of plasma speaker design
By controlling the magnetic field in a plasma the electrons in the plasma can be utilized to 
manipulate the atoms within the plasma, either by motion or heat. The plasma is essentially a 
diaphragm and the electric current is essentially a voice coil controlling the diaphragm. The 
plasma has virtually no mass and is thus unhindered by inertia, resulting in a near perfect 
transient response. As the plasma has no solid structure, there is nothing in the plasma 
negatively affecting the frequency response. 

Directionality
A plasma discharge is usually omni-directional across the whole frequency spectrum produced, 
meaning a larger area gets the optimal frequency response. This is due to the fact that the 
plasma is shapeless and needs no enclosure. The directional nature is in some cases desired, 
but there are clear advantages with the omni-directional nature of the plasma speaker. The 
ability to produce sound omni-directionally provides great adaptability in directionality. 

Ultrasonic frequencies
As stated before, plasma loudspeakers perform well when producing high frequencies. This 
includes ultrasonic frequencies, frequencies above the limit of human hearing. A report by 
Tsutomu Oohashi et al. shows that while frequencies above 20 kHz are not audible they do, 
according to the authors, have an impact on the alpha brainwave activity in humans which, the 
authors state, has reported association with feelings of well-being and tranquility. The authors 
performed a listening test showing that participants could not hear sounds over 20 kHz but 
despite of this provided results that participants found sound containing frequencies above 26 
kHz richer in nuance and perceived a better sound quality than in the same sounds where the 
ultrasonic frequencies were cut [7]. This report shows that ultrasonic frequencies may be of 
interest to sound reproduction and a loudspeaker able to produce them may sound better than a 
loudspeaker that can not. This topic will not be investigated further in this essay but it illustrates 
a feature where plasma loudspeakers may have advantages over dynamic loudspeakers

Frequency response
The flatness of frequency response in audible ranges is an important aspect of loudspeaker 
design, professional as well as consumer products, and a plasma speaker should, with its near 
mass-less discharge produce a flat frequency response. Krichtafovitch et al. claims that they 
have built a plasma loudspeaker with a near flat frequency response up to 24 kHz [10]. This 
speaker is also claimed to achieve a maximum acoustic output of 130 dB showing that a plasma 
loudspeaker can reproduce audio at acceptable decibel levels. There are, however, 
disadvantages with plasma loudspeaker technology that need to be adressed. 

Disadvantages
Among the disadvantages of the plasma speaker it has for a long time been an expensive and 
maintenance-heavy loudspeaker. Improved technology, especially the use of solid state 
components has brought down costs and maintenance, this according to Sam Kendig [8]. This 
should make the use of plasma discharges a viable option for loudspeaker design, but there is 
another disadvantage.
The breakdown of molecules and atoms in air when ionized would mean that the different 
components in the air, i. e. nitrogen and oxygen among other, dissolve. The recombination of the
particles may create other structures, some of which can be detrimental to the health of human 
beings. The most commonly mentioned by-product derived from a plasma discharge is ozone3.
According to the United States Environmental Protection Agency, ozone exists in both the 
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stratosphere, upper atmosphere, and the troposphere, lower atmosphere, and consist of three 
oxygen atoms (O3). A person exposed to large enough quantities of ozone through inhalation 
may suffer health issues ranging from decreased lung functions, coughs, inflammation to, in 
severe cases, death [6]. There are, however, models of plasma speakers that produce much 
less than harmful amounts of ozone [3], with Sutton´s report showing discharges producing 
virtually no ozone [5], but it is nevertheless a concern when operating a plasma speaker. There 
are reports

Another by-product of a plasma discharge in air is nitrogen oxides which also is hazardous to 
inhale [5]. Because of these by-products it is wise to operate a plasma speaker in well ventilated
environments.
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Dynamic loudspeakers

Dynamic loudspeakers are the most common loudspeakers used to date. There are countless 
designs of dynamic loudspeakers, from small and portable to very big, cumbersome and 
powerful. Though the designs can vary significantly, they share similar elemets in fundamental 
design and the same components can be found in most dynamic loudspeakers. As all 
loudspeakers, the dynamic loudspeaker is a transducer, converting electrical energy to kinetic 
motion. 

An electric current will, with a magnet, create a magnetic field that moves a voice coil connected 
to the diaphragm that, in turn, moves the air in a pistonic motion, back and forth, motion. The 
size of the diaphragm and the mass of a all components will greatly affect which frequencies the 
loudspeaker can reproduce.

Components
The basic components listed above form of three distinct systems, these in turn consist of one or
several components:

1. The motor system
2. The diaphragm
3. The suspension system

These three separate systems make a driver. A driver is essentially a loudspeaker, but a 
loudspeaker can consist of many drivers contained in a single enclosure. With more drivers in 
the same enclosure every driver can work at a set frequency range, resulting in better sound 
quality as every driver can be purpose-built to perform optimally in its designated frequency 
range. Below the different systems will be studied. 

The Motor System
The motor assembly consist of five parts: 

1. Back plate
2. Front plate
3. Magnet
4. Pole piece
5. Voice coil

The purpose of this system is to produce a
magnetic field which can control the
movement of the diaphragm, making it
vibrate in accordance to the audio signal. 

The front plate, back plate and pole piece
are made with a high permeability in mind,
highly permeable materials are used, such 
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as iron, as they will help shape the magnetic field. 

The magnet is ring-shaped and made from ceramic material. In the gap between the front plate 
and the pole piece, is the voice coil connected to the diaphragm. As an electric current is applied
to the voice coil, a powerful magnetic field is produced. This magnetic field moves at a 90 degree
angle to the electric currents flow and is shaped to be strongest in the gap between the pole 
piece and front plate. An alternating current will produce a forward motion in the magnetic field 
on its positive phase and a backward motion on the magnetic field on its negative phase. The 
voice coil will move with the shifts in the magnetic field pushing the diaphragm forward and 
backward following the electric currents shifts on the magnetic field. This magnetic field needs to
be as symmetrical as possible as a asymmetrical magnetic field will result in more motion in one 
direction than the other. This motion will result in distortion as the diaphragm moves differently 
forward than backward resulting in asymmetrical sonic waves. 

The magnetic field in the gap will extend
beyond the gap itself and produce magnetic
fields, called stray fields, that affect the
movement of the voice coil. To counter this
different shapes of pole pieces can be used.
The straight pole piece is, the one shown to
the right, will produce asymmetrical stray fields
and is thus the least desirable. The undercut
pole piece is widened at the gap leaving the
backside of the gap free for the fields on the
backside to be symmetrical to the front fields.
An angled pole piece will also provide more
symmetrical stray fields than the straight one.

The voice coil is connected to the diaphragm
and when an electric current is applied it will
create the needed magnetic field. The coil
consists of wire, usually made of copper but
other metals are sometimes used. The AC currents positive phase pushes the coil outwards 
while the negative phase pulls it inwards. There are two types of voice coils: overhung voice coil 
and underhung voice coil. The overhung voice coil is longer than the gap it is positioned in while 
the underhung voice coil is shorter than said gap.
Which of the coil constructions is used will affect,
among other things, the maximum distance the
coil can travel while still maintaining a maximum
number of turns of wire in the gap. When the
number of turns in the gap decreases the
magnetic field loses efficiency. The overhung
voice coil allows the diaphragm to travel the
same distance as the length from the gap to the
outermost end of the coil while the underhung
voice coil allows the diaphragm to travel the
same distance as the coil can travel within the
gap, but if the coil leaves the gap the turns within
the gap will be lowered leading to performance
loss. A coil where the amount of turns within the
gap is constant is said to work linearly, while a
coil where the amount of turns fluctuate is called 
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to work non-linearly. The overhung voice coil allows for greater travel distance than the 
underhung voice coil leading to it being the most utilized construction, even though more turns of
wire means increased mass. This will increase the inertia of the voice coil which increases the 
energy and time needed to move the coil making it less capable of reproducing high frequencies.
Even with the increased mass the overhung voice coil is more efficient. The overhung voice coil 
also provides a softer curve of performance loss when the turns within the gap fluctuate than the 
underhung voice coil. [11, 12]

The Diaphragm
The diaphragm is either cone-shaped, flat or
dome-shaped. As the cone shape is the most
utilized loudspeaker design in industry  this
review will mainly focus on this shape. The
diaphragm is connected to a frame, or basket,
via a suspension system that will be detailed
further later in the essay. The suspension
system centers the diaphragm and returns
the diaphragm to its neutral position after it
has moved. The cone is usually constructed
from a paper composite material but plastic
and metal are sometimes used. The material
would be rigid, have low mass and be well
damped to stop vibrations continuing when
the signal stops. 

The diaphragm is connected to the voice coil
and as the voice coil moves to the magnetic field, it will move the diaphragm in a one-
dimensional motion, much like a piston. This movement will push the surrounding air resulting in 
generation of sound waves. Vance Dickason explains that if a infinitely rigid piston pushes 
against the air, the frequencies created by this motion would be bounded. In the lower frequency 
spectrum there would be a limit to the frequencies produced by mechanical constraint. The limit 
for higher frequencies is instead limited by the radiation impedance of air. As the air has a high 
resistance for motion most of the energy transferred by the movement of the diaphragm will be 
absorbed by the air rather than move it. 

This is called acoustic impedance.The frequency a
piston can produce is proportional to the size of the
piston, a small piston can produce higher frequencies
than a big one as the acoustic impedance is greater for
a bigger the piston. This means that bigger cones are
better for producing low frequencies while smaller
cones are better for producing high frequencies.
Because of this there is always a trade-off when
producing cones as they tend not to manage to
produce the whole frequency spectrum. This is why
many loudspeaker systems have multiple
Loudspeakers dedicated to different frequency
spectrums, and some loudspeakers use multiple
drivers in the same enclosure. A loudspeaker using
multiple drivers often use a big driver for low
frequencies and a smaller driver for high frequencies,
not uncommon is using a mid-range driver as well. 

13



Since cones are not infinitely rigid they will not work like a infinitely rigid piston but rather they will
flex more or less. At low frequencies the cone works as a piston but as the frequency increases 
the cone will start to flex. How much it flexes is determined largely by the material used for the 
cone. This flexing severely affects the performance of the driver in a variety of ways. This flexing 
is commonly referred to as breakup modes. Dickason mentions two classifications of breakup 
modes: Radial and concentric. Concentric modes, called nodal resonances by M. Colloms, 
spread from the center of the cone outwards towards the edge of the cone. This is common at 
low frequencies and at set frequencies and it would seem that these modes share similarities to 
standing waves in a room. Radial modes are produced by rim flexure, as the vibrations arrive 
from the center of the cone to the edge the edge of the cone will flex producing radial modes. 
These break-up modes are greatly impacted by the rigidity the cone and radial modes are 
greatly impacted by the cones surround. Some of these modes will be in phase with the signal, 
boosting the affected frequencies, while other´s will be out of phase with the signal, attenuating 
the affected frequencies. This is called cone break-up and greatly affects the frequency response
of the driver. When designing a loudspeaker with multiple drivers, each driver is built to 
reproduce a certain frequency spectrum.

The efficiency of a driver is often determined by
the break-up modes to get a frequency response
as straight as possible. 

The cone has an inherent directivity as it has a
clear forward motion and thus pushes the air in a
forward direction. At frequencies at wavelengths
that are about three times larger than the cone
diameter the radiation will be omni-directional but
at wavelengths under the mentioned ratio the
spread will become increasingly directional with
higher frequencies. This means that there is no
truly omni-directional cone driver and the sweet
spot for a speaker will be increasingly narrow as
the frequencies get higher. 

In the center of the cone there is usually a dust
cap. This dust caps primary function is to protect
the gap from particles and other unwanted objects.
[11, 12]

The suspension system
The diaphragm is connected to a frame, also
called basket, commonly called the surround at the
edge and spider at the center. The surround, much
like the spider, centers the cone over the pole
piece and keeps it in place. Both the surround and
the spider also restore the cone to its position after
it is off-set, to keep it in the gap. Unlike the spider
the surround also terminates the vibrations so they
do not bounce back to create concentric modes or
so the edge do not flex to create radial modes. The
termination is an vital process to control these
modes and the surround must be resistive, as not
to reflect back the energy to the center of the cone.
[11, 12]
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Characteristics
Using a diaphragm moving in a pistonic motion to create sound waves means radiating in the 
direction of the motion. This directionality affects the frequencies differently resulting in a 
somewhat complex directionality where low freqiencies radiate omni-directionally while high 
frequencies radiate in a very narrow fasion. The high frequency reproduction is affected by the 
mass of the mechanical parts as they are hindered by inertia, making transient response in high 
frequencies problematic.
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The differences 

Dynamic loudspeakers use a electromagnetic field to move a voice coil connected to a 
diaphragm in a pistonic motion that pushes the air in front of the diaphragm forward. Plasma 
loudspeakers use plasma, and its inherent electromagnetic field, to alter the density of the 
neutral air either by electron motion or heat modulation. 

The importance of mass
The most fundamental difference lies in the near masslessness of the plasma. A dynamic 
loudspeaker uses much of its energy to move its mechanical parts, while a plasma loudspeaker 
only has to move air. The mechanical parts all affect the sound quality of the loudspeaker, as the 
weight, shape and functionality affect for example the frequency response. A plasma 
loudspeaker does not have this problem. Especially high frequencies are affected by the mass of
the loudspeaker as the shorter wavelengths get, the faster a loudspeaker must move to 
accurately reproduce the short wavelengths. In dynamic loudspeakers this is hindered by the 
inertia, the resistance of a physical object to change in its motion, of the mechanical parts of an 
dynamic loudspeaker resulting in restrictions to transient response in high frequencies. The near 
masslessness of a plasma makes it possible for a near perfect transient response as 
“diaphragm” of the loudspeaker, its electric discharge, should theoretically be able to move with 
the speed of light. 

Frequency response
The frequency response in a dynamic loudspeaker will as stated be affected by the size, mass 
and shape of its mechanical parts. This means making trade-offs to some areas to improve on 
others. A big diaphragm will be able to reproduce lower frequencies but its high frequency 
reproduction will suffer due to air impedance and the increased mass, and thus inertia, of the 
diaphragm. As will a small diaphragm be able to reproduce high frequencies more accurately but
will not be able to reproduce low frequencies due to the increased size of the wavelengths of the 
low frequencies. This is often addressed by using loudspeakers with several drivers dedicated to
limited ranges in frequency, but it inevitably increases production costs. The diaphragm will as 
mentioned be subject to cone flexing and the resonances and break-ups accompanied with the 
flexing. This affects the frequency response and leads to difficulty in achieving a equal frequency
response. Despite these difficulties it is not uncommon to see dynamic loudspeakers with a 
frequency response varying maximum 3 db in its frequency range. This is achieved mainly by 
good combination of components and good choice in crossover frequencies. A plasma 
loudspeaker does not seem have break-up modes as it has no moving parts to resonate. This 
means that a large enough discharge should reproduce all frequencies in its range equally. This 
this is not the case with Krichtafovitchs EFA (Electrostatic Fluid Accelerator)[10] loudspeaker 
which differ about 6 db in its frequency range between 20 Hz and 24 kHz with no indication of a 
dropoff occurring at the higher end of the frequency range. This difference may be caused by the
design but there is no mention of this in the report. This design is, however, a special case. 
Plasma loudspeaker should have no structural restriction to the flatness of its frequency curve 
but the size of the discharge determines the low frequency reproduction. As with the diaphragm 
of dynamic loudspeakers a small discharge would not be able to reproduce low frequency 
content as it would not be able to reproduce wavelengths of needed size. As the size of a 
discharge increases so would the heat buildup, power consumption and ozone production, 
making big plasma loudspeakers impractical and potentially dangerous.
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Directionality
The directionality of a dynamic driver is inescapably affected by some of its mechanical parts, 
mainly its diaphragm. This means that a dynamic driver cannot truly be omnidirectional in the 
whole frequency spectrum as the directionality will narrow the higher in frequency it performs. 
This is not the case with a plasma loudspeaker. As there are many different models of plasma 
speaker, all of them are not omnidirectional, as can be seen in “EFA Loudspeakers” by Igor A. 
Krichtafovitch et al [10]. But some designs are capable of omni-directionality as can be seen in 
reports by M. K. Lim [13] and S. Kendig [8]. This is the case as a discharge from a plasma 
loudspeaker generates airwaves in all directions and thus has no inherent directionality in its 
structure, as opposed to dynamic loudspeakers. One can however construct a horn or other 
structures to direct the sound as seen fit but this should affect the frequency response due to 
reflections. This provides great flexibility to suit a design to address specific directionality needs 
and for example provide an omnidirectional loudspeaker to suit a subwoofer. As stated above 
lower frequencies have a wider directionality than higher frequencies in dynamic loudspeakers. 
So combining a dynamic subwoofer for lower frequencies with a plasma loudspeaker for higher 
frequencies will result in a more homogenous directionality for the whole frequency range. If a 
narrow directionality is required an attachment can be utilized to focus the spread to suit the 
needs for the situation without affecting the fundamental structure of the discharge itself making 
it possible to produce several different attachments, or an adjustable attachment, to the same 
loudspeaker. This would permit quick changes in directionality. 

Sound pressure level
Depending on the situation, achieving a high sound pressure level can be of great importance in 
a loudspeakers design. As dynamic loudspeakers are the most commonly found in in homes as 
well as venues and PA-systems, the technology has been well researched to suit all of these 
applications. Naturally a home environment, or other small spaces for that matter, do not require 
the same SPL as bigger venues. Plasma loudspeaker technology has no restrictions in 
achievable levels and as stated above a sound pressure level well above acceptable range has 
been achieved by plasma loudspeaker technology.
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Applications
So what applications would plasma loudspeakers be suitable for? It would seem that there are 
simply too many different designs of both plasma and dynamic loudspeakers to to give a 
definitive answer to that question, though some characteristics differentiate plasma loudspeakers
from dynamic ones in ways that deserve consideration. Sizable discharges are already used for 
display in public events, such as the Tesla Orchestra [15], which uses tesla coils to produce 
music and visual effects. These tesla coils are used as instruments and for dramatic effect as 
well as loudspeakers and the visual stimulus produced by these tesla coils are of great 
importance to the show. This means that plasma loudspeakers already has applications where 
dynamic loudspeakers cannot be used. Three applications will be discussed where plasma 
loudspeakers applicability will be evaluated, when compared to dynamic loudspeakers:

1. Hybrid systems
2. PA-systems in music or theater venues and conserts
3. Large area coverage

Hybrid systems
As a single dynamic driver does cannot produce both low-end frequencies and high-end 
frequencies due to the need for adequate size to produce low-end frequencies and low inertia to 
produce high-end frequencies. Because of this, the most common way to produce dynamic 
loudspeakers is to have several drivers in the same enclosure. Each driver produces frequencies
in a narrow spectrum, the frequencies outside its designated spectrum cut off. A common 
configuration is a system with three drivers. One for low range, one for mid range and one for 
high range-freqiencies respectively. This is a practice with room for improvement. As the 
wavelength of a sound wave decrease with increased frequency, a driver producing high 
frequencies will need to be able to move with increasing speed. But due to inertia caused by the 
number of different moving components and their mass, good transient response becomes more
difficult to achieve as frequencies increase. A plasma ha no solid structure and thus can move in 
ways that a dynamic driver cannot. This means potential for better transient response and thus 
better quality in high frequencies. As dynamic loudspeaker designs have some inherent 
restrictions concerning high frequency reproduction and plasma loudspeaker designs in general 
excel at those frequencies,  a plasma tweeter in a multi-way system permits good high frequency
reproduction while one or more dynamic drivers handles the lower frequency reproduction. This 
would be combining the best of both technologies. The better transient response and lack of 
mass would permit high quality high frequency production suitable for consumer systems and 
professional systems, such as studio monitor, alike. 

Such systems are already designed by the german company Acapella Audio Arts [14]. The 
company designs three-way systems where two dynamic drivers focus on low- and middle 
frequency reproduction while a plasma tweeter reproduces high frequencies. These are, 
however, high-end systems in a price-range well above the average consumer making cost 
efficiency a problem.  The hazardous byproducts produced by a plasma tweeter should be 
considered possible to keep within acceptable range as the hybrid systems mentioned above are
on the consumer market and thus would have to pass safety regulations to be deemed safe for 
consumer use.

PA-systems
Concerts are routinely performed in venues that hold thousands of people and good sound 
quality is essential to the experience. This usually requires high sound pressure level for the 
music to reach the whole audience as well as good frequency response and directionality. There 
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are numerous dynamic loudspeaker designs specifically for this application. For bigger events 
line array systems are most often used.  A line array is a loudspeaker system where several  
loudspeakers are mounted in a, usually vertical, line to create a line source, as opposed to a 
point source. A line source focuses the spread of the sound pressure, meaning more sonic 
energy is directed in the wanted direction and a decrease in the drop-off rate of the sound. 

A line array requires a large amount of loudspeakers often suspended from a truss or similar 
structure at the sides of the stage. This in turn takes up  a large amounts of space, increasing 
transportation and storage costs. As the number of loudspeakers increase, the weight increases,
adding further transportation costs as well as requiring sturdier structures to support the 
increasing weight.  As most plasma designs are based on a near-massless discharge the weight 
and size of such a system could be drastically reduced compared to a dynamic loudspeaker 
design.

Many problems arise when trying to use plasma loudspeakers in these convetional PA 
applications. As most plasma based designs are best used for high frequency reproduction it 
would not suffice to only use plasma loudspeakers though, they can be used for high frequency 
reproduction in a PA-system in the same way as described above. This could change as the 
technology of plasma audio reproduction advances, as better technologies could provide 
possibility to increase the size of a plasma discharge enough to produce the whole audible 
frequency range at high enough sound pressure levels. But the necessary size of the discharge 
would lead to increase ozone production compared to a small discharge and would thus be 
better suited for outdoors events, provided that protection from the elements can be ensured as 
electricity and for example water can be a dangerous combination. Suitable ventilation or a way 
to eliminate the hazardous gases before they reach people meed to be developed to permit 
indoor application.

Large area coverage
Some situations require sonic coverage of a large area, but for different reasons cannot make 
use of a conventional  PA or line array. This can be any environment where there are objects 
throughout the environment that block the sound. This can be an indoor environtment with 
several rooms needing coverage. Walls reflect and absorb soundwaves which means that a 
single conventional PA system cannot cover several room with equal quality. This can also be 
applicable for outdoor environments such as amusement parks where attractions and other 
buildings obstruct coverage from a single conventional PA system. A single source would also 
mean that for it to cover a large area, the amplitude of the sound would differ greatly with the 
distance to the source. In these situations multiple smaller loudspeakers might be a more viable 
solution. This can be solved by dynamic loudspeakers but the inherent directionality of the 
dynamic loudspeaker makes a omnidirectional plasma loudspeaker in many cases a more viable
option.

For example, people visiting an amusement park will probably see clusters of dynamic 
loudspeakers at the top of a pillar, scatter around the amusement park. The loudspeakers are 
arranged to cover as much ground as possible in several directions, requiring several 
loudspeakers, each facing different directions. Similar arrangements can be seen in sports 
arenas or other places needing to cover large areas with sound, often in many different 
directions. This requires several loudspeakers at every point to cover all directions.

The directionality of a plasma discharge would be ideal for placing plasma loudspeaker 
throughout the area needing coverage, as it would provide omni-directional coverage at each 
location. A plasma loudspeaker placed in the middle of its intended coverage area would 
reproduce the same sound in all directions providing the same experience to all listeners in the 
area. This would require less speakers potentially increasing cost efficiency. There are dangers 
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with plasma loudspeakers as there are high temperatures produced by the discharge as well as 
hazardous gases.  

The dangers of high temperatures of the electric discharge and electrocution if coming in contact
with the discharge would have to be adressed, as well as the hazardous gases produced by the 
discharge. The discharge could be placed out of visitors reach or placing the plasma within a 
enclosure.

Conclusion
Plasma loudspeakers have some interesting properties absent in dynamic loudspeakers. The 
mass of the moving parts of a dynamic loudspeaker affect high frequency reproduction and 
transient response. Plasma loudspeaker do not need moving parts and because of this can 
reproduce more accurate high frequency content while also require less space than dynamic 
loudspeakers. A plasma discharge big enough to reproduce low frequency content has some 
negative qualities making a plasma discharge more suited for high frequency reproduction and 
plasma tweeters already exist as consumer products. A bigger discharge would still produce the 
same quality high frequencies as a smaller one, making it a good full-range speaker, if the 
problems with heat and hazardous gas production are overcome. Plasma designs have a 
directionality that dynamic loudspeakers cannot achieve, as well as potential for great 
adaptability in this regard as horns or other structures can direct an otherwise omni-directional 
loudspeaker. 

The potential for plasma loudspeakers would have to be considered substantial but as dynamic 
loudspeakers are much more common, they are also better researched than plasma designs 
and as a result still offer the best solutions in most cases. As plasma technology improves it is 
most probable that plasma designs will be able to compete with dynamic loudspeakers in 
numerous applications and might one day be as common as dynamic loudspeakers.
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