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Plasma (The Fourth State of Matter) an Atomic Emission Application 
Handout 

 
Introduction 

Plasma is sometimes called the “Fourth State of Matter”.  Most people only know about 
the three basic states of matter:  solid, liquid, and gas.  However, plasma is another form of 
matter that is even more common than all the other states of matter put together.  Perhaps plasma 
should be referred to as the first state of matter. 

What is plasma?  Plasma is a gas that contains enough electrically charged particles to 
significantly affect the electrical properties and behavior of the gas.  Plasma is created when gas 
atoms are “ionized” or broken into positively charged particles (positive ions) and negatively 
charged particles (electrons).  Although gaseous in nature, plasmas behave very differently from 
un-charged gases such as the air we breathe.  

Where did the discovery of plasma begin?  The word “plasma comes from Greek 
meaning something molded or fabricated.  Even though this may be hard to appreciate, the 
internal and external electromagnetic forces that bound it mold plasma.  Before the term plasma 
was used for a state of matter, Sir William Crookes, who has been called a prophet as well as a 
scientist eluded to it in an 1879 at a meeting of the British Association for the Advancement of 
Science. This was long before the concept of atomic structure was proposed or harnessed by 
companies like General Electric. Crookes told his audiences: 
 

In studying this Fourth State of Matter we seem at length to have within our grasp and 
obedient to our control the little indivisible particles which with good warrant are 
supposed to constitute the physical basis of the universe… We have actually touched the 
borderland where Matter and Force seem to merge into one another, the shadowy realm 
between Known and Unknown, which for me has always had peculiar temptations.  I 
venture to think that the greatest scientific problems of the future will find their solution 
in this Border Land, and even beyond; here it seems to me, lie Ultimate Realities, subtle, 
far-reaching, wonderful (Crookes, 1879a). 
 

Plasma Generation 
The method for creating plasma starts with the ionization process.  Ions are typically 

created using high voltage. The high voltage strips away electrons in the atom’s outer energy 
level resulting in the formation of a positive ion and an electron.  The electrons accelerate 
through the gas and collide with neutral atoms creating more electrons and positive ions.  Both 
are then accelerated in larger numbers. Due to its lower density, it is easier to create ions in a gas 
rather than in a liquid or solid. 

In an electric discharge, positive ions flow in one direction while the electrons flow in the 
opposite direction.  The flow of ions and electrons creates an electrical current and gives rise to 
an accompanying magnetic field.   An externally applied electric field either collects electrons or 
ions depending on the polarity of the electric field.  If one applies an external magnetic field 
around the plasma, the ions and electrons will follow the field lines with the electrons going in 
one direction and the ions in the other direction.   
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Properties of Plasmas 
While the description of plasma includes ions in a gaseous form, true plasma exhibits a 

“collective behavior” in which elements of plasma exert a force on one another even at large 
distances.  Not all ionized gases are called plasmas.  In order to be identified as a plasma, the 
ionized gas must contain enough charged particles so that the electromagnetic field produced by 
the particles influences the movement of each individual electron and ion.  Portions of the 
plasma will affect other portions of the plasma due to its electromagnetic properties rather than 
local collision events.  Plasmas stay electrically neutral by containing a sufficient number of 
electrons to balance the positively charged ions.  The ions and electrons are dissociated from 
each other when an electric field is applied.  In fact, the ions and electrons will neutralize each 
other if the external energy excitation source is turned off. 

Measurable properties of plasma include its density, electrostatic and magnetic field 
effects, temperature, and gas species.  The nature of a plasma is determined by the type of atoms 
comprising the plasma, the percentage of atoms ionized, the temperature, pressure, and other 
conditions.  Plasma is unlike the three other states of matter.  Plasma appears to be a state of 
matter where atoms are separated into simplified parts, electrons and ions, and exist in a 
dissociated state.  

 

 
 

Plasma Applications 
Where is plasma found in our environment?  It has often been said that 99% of the matter 

in the universe is in the plasma state; that is the form of an electrified gas with the atoms 
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dissociated into positive ions and negative electrons.  For example in our universe, plasma is 
found in: 

• Stellar interiors and atmospheres 
• Gaseous nebulae 
• Much of the interstellar hydrogen 
• Van Allen radiation belts 
• Solar wind 

In our everyday lives, our experiences of plasma include: 
• Flash of a lightening bolt 
• The Aurora Borealis and Australia Australis 
• The conducting gas inside a florescent tube or neon sign. 
• Welding arcs 
• Gas lasers 

Engineering applications of plasmas include: 
• Surface etching 
• Material processing in the microelectronic industry 
• Plasma chemical processing 
• Synthetic diamond production 
• Fusion research for energy production 

 
One of the most common uses of low energy plasmas is for lighting.  When an electric 

voltage is applied to a gas discharge tube, a small percentage of the atoms present in the gas will 
become ionized.  This results in a plasma of positive ions and electrons that carry electric current 
between the tube’s electrodes.  As these charged particles flow toward the electrodes, they 
collide with neutral atoms causing an electron on that atom to become excited.  This means that 
the electron has moved to a higher energy orbital.  When this electron moves back to its original 
orbital, a photon is released.   

This is how neon lights work.  The color of the light produced depends on the gas that is 
being used.   Neon, Argon, Helium, and Krypton are common gases used in neon lights.  
Fluorescent lights work in a similar manner, but with an extra step.  Mercury vapor is used in 
Fluorescent lights.  Mercury emits ultraviolet light that we cannot see when it is ionized.  The 
inside of a fluorescent light is coated with phosphors that absorb the ultraviolet light and 
subsequently emit photons of visible light.  Depending on the exact composition of the 
phosphors, a whole range of colors can be obtained.  The two images below are examples of 
neon lights.  The image on the left contains a glass tube filled with helium gas while the glass 
tube in the image on the right contains hydrogen gas. 
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Under proper conditions of pressure and voltage, the electrons produced during the 
ionization process can be shaped into a well-defined and focused beam of electrons.  The beam 
of electrons can form a clear shadow image if directed through a wire loop directed toward a 
phosphor screen. The electrons activate the phosphors on the screen.  The crisp beams produced 
under these conditions can be used in devices such as electron microscopes and particle 
accelerators. 

High-energy plasmas are used for etching microprocessor chips.  The high velocity and 
small size of the atoms are used to bombard chip surfaces to remove material between 
microscopic conductors.  Synthetic diamonds are also produced by laying down carbon atoms in 
a diamond lattice structure via the addition of radio frequency energy to catalyze the diamond 
producing process. 

Fusion energy research uses very hot plasma.  Controlled thermonuclear energy is the 
attempt to use plasma to stimulate ions to a high enough energy so that they will fuse together 
upon collision.  When their nuclei fuse, a large amount of energy is released.  We all know of the 
large energy release associated with hydrogen bombs, which fuse light atoms.  Scientists are 
studying ways to harness this energy release in a controlled and safe manner.  These high-energy 
plasmas have temperatures that are greater than 300 x 106 °C.  The temperature of the sun is on 
the order of 10 x 106 °C.  Magnetic fields contain the plasma, keeping it away from the vacuum 
chamber walls.  Electromagnetic waves and ion beams are used to heat this plasma to 
temperatures high enough to cause the ions to collide with enough energy to cause them to fuse 
together.    

When this fusion takes place, energy is released and new elements are formed.  
Harnessing the fusion process may lead to the creation of new elements using the basic building 
blocks of nature.  Mankind will have unlocked the process that transpires in the stars of the 
universe and may even find ways to create elements that we now have to dig out of the earth. 
 
 


