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Plasma 

● Rigorous definition of plasma 

● Some definitions and estimates: 
Debye length, plasma frequency, 
collision frequency 

● The parameter space of plasmas 

Introduction 



Plasma 

Plasma frequency 

We calculate the electric field
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A simple scenario
→ Plasma, slab of electrons with number density n0

→ Ions, fixed background, same density
→ Displace the electrons by ∆x
→ Frequency of the resulting oscillations?

Equation of motion for the electrons
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Plasma 

Collision frequency 

νcoll = ntarget · σ · vin

Collisions with neutrals, νcoll = nn · vth,e · πa20 πa20 ∼ 10−20m2

Coulomb collisions

Coulomb interaction energy
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Plasma 

When do we have a plasma?  

Plasma: ionized gas, globally neutral, that displays collective effects

In the range of parameters

considered, we can ignore

→ relativistic effects

→ quantum effects

- Globally neutral ⇒ size plasma � λDe (The plasma is quasi-neutral on scale length � λD)

- Collective effects ⇒ one-to-one interactions weak, ND � 1
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Plasma 

● Rigorous definition of plasma 

● Introduced the Debye length, plasma 
frequency, collision frequency 

 

● Parameter space of plasmas 

Summary 


