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Energy Equation for plasma using the first law of Thermodynamics 

 

1st Law of thermodynamics 

𝑑𝑄 = 𝑑𝑈 + 𝑑𝑊 

𝑑𝑊 = 𝑃𝑑𝑉 ⟶ (1) 

(∵ 𝑊 =
𝐹

𝐴
𝐴𝑑𝑙 = 𝐹 𝑑𝑙) 

If piston can’t move up 

𝑑𝑊 = 0 

𝑑𝑄 = 𝐶𝑉𝑑𝑇 

Where 𝐶𝑣  is specific heat 

 

For ionizing plasma, the change in kinetic energy of a particle, 
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Isentropic exponent, 𝛾 = 1 +
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 where 𝑓 is the degree of 

freedom 
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𝑃 = 𝐹/𝐴 

Assume particle has velocity 𝑣𝑥  in x the direction, if the 

mass of the particle is 𝑚 and the change of the 

momentum is ∆𝑝 

∆𝑝 = 2𝑚𝑣𝑥 

Time for successive hits to the same wall is, 
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Then the force exerted on the wall is, 
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So the pressure from a particle is, 
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But, 
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From equation (2) and (2), 
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Internal energy, 𝑈 = 𝐸𝐾.𝐸. = (3/2)𝑃𝑉 
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From equation (1) and (4), 

𝑑𝑄 = 𝑑𝑈 + 𝑑𝑊 
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𝑉𝜌 = 𝑁, # of particles 
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∇⃑⃑ . 𝑣 = 0 For a monoatomic adiabatic plasma 

The rest is continued on the slides… 


