Exam Introduction to Plasma Physics (3P110)
7 april 2010 9:00



The exam consists of 4 exercises. It is allowed to have one handwritten A4 with equations, formulas etc.

The results of the exam will be announced before April 21st 2010 on the publication board next to the secretary’s room of the Group PMP in the c-wing of building n-laag, 1st floor. Answer ever exercise on a separate piece of paper. Answer will be provide don the Studyweb after the exam.




Exercise 1
Consider an experimental current-potential curve of a flat Langmuir probe of area A immersed in an atomic plasma, containing electrons (mass me) and ions (mass mi), such as shown in the figure 1 below, where the electric potential is measured with respect to a fixed reference potential. The electron temperature Te is equal to the ion temperature Ti. Both the ion and electron energy distribution can be considered Maxwellian.

















Figure 1 Ip denotes the current collected by the flat probe, Ii the ion saturation current, Ie0 the electron saturation current, φf the floating potential, φs the plasma potential and φ the potential of the probe, all potentials measured with respect to a fixed reference potential. The ratio between the electron and ion current is equal to B (>>1 not to scale in the figure).

a) Give the relation between the electron and ion current for φ= φf? Explain your answer (2pnt).
The difference φw between floating φf and plasma potential φp under the condition of a collisionless sheath is given by




b) Explain that φw is negative. Motivate your answer. (2pnt).
c) Derive the expression for φw. (2pnt).
d) Derive an expression for the electron and ion saturation current starting from the electron and ion velocity distributions. Give an expression for the ratio B. (4pnt).
e) How does the answer to d) change if the ion temperature is much lower than the electron temperature? (Hint: Consider the Bohm criterion) (2pnt).
f) From which part of the curve can the electron temperature be derived. Explain your answer. (2pnt).
g) Specify the length scale (in Debye lengths) over which the plasma density  is distorted around the probe (equivalent to the sheath thickness) at the floating φf and plasma potential φp. (2pnt). 
h) Both the electron and ion saturation current vary little with the applied potential on the flat probe. If the probe is cilindrical it is observed that the ion and electron saturation current increase with the applied potential. Give an explanation of this observation (Hint: how does the sheath thickness depend on applied potential). (2pnt).
							total			[18pnt]









Exercise 2

Consider the excitation by electron impact of atoms from the ground state to the first excited level (with excitation energy ε12)  in a plasma with a uniform density of atoms in ground state n1, a uniform electron density ne and in which the electron velocity distribution function can be considered Maxwellian with a temperature Te. The excitation rate is given by: 
				(2.1)


Here , me and denote the electron kinetic energy, the electron mass and the corresponding excitation cross section for the excitation from the ground state to the first excited state, respectively.

a) Why is the lower boundary of the integral taken equal to ε12? (1pnt).
b) The excitation rate as given in Eq. (2.1) only depends only on  the electron temperature. This is however an approximation. Why can the dependence on the neutral particle temperature be neglected in first approximation? (2pnt).
c) 

Derive the expression for  (Hint: start from the expression  and use the expression for the Maxwellian distribution of the electrons fe (ve)). (2pnt).
The excited state density is given by n2.The density n2 can be calculated from the balance of production through the inelastic excitation process (Eq. (2.1)) from the ground state and the decay by photon emission. The lifetime of the excited state is given by 2. Under these conditions the excited density n2 is given by 

 							(2.2)
d) Derive equation (2.2) from a balance equation for the excited state n2 (Hint: write down the equation for the time derivative of the excited state density n2). (2pnt).


A similar relation as Eq. (2.2) can be derived for the second excited level with energy ε13. Both the densities n2 and n3  can be measured absolutely (e.g. by measuring the photon emission rate). Further it assumed that the excitation rates and and the lifetimes 2 and 3 are known.
e) Is it possible to use these measurements of the densities n2 and n3  to obtain the electron temperature Te? Explain your answer. (2pnt).
							total			[9pnt]


Exercise 3

Consider the generalized Ohm’s law in a non-uniform plasma which is Coulomb interaction dominated. The electron temperature can be considered constant.


											(3.1)


a) What do we mean by a Coulomb interaction dominated plasma? (Hint what is the relation with ei). (1pnt).
b) Give a short description of the different terms in equation (3.1). (2pnt).
c) In a uniform plasma derive an expression for the electrical resistivity . Express your answer in e,, ne and other relevant constants. (2pnt).
d) Explain that in a non-uniform, Coulomb interaction dominated plasma the resistivity can be considered constant to a good approximation. (Hint: consider the expression of the resistivity as function of Te and ne). (2pnt).
e) For a current free non-uniform plasma, derive the charge density  using Eq. (3.1). (2pnt).
f) If the plasma in e) is not current density free and the resistivity of the plasma can be taken constant, does the current density contribute to the charge density? Motivate your answer. (2pnt).

								total			[11pnt]























Exercise 4

The starting point of this exercise is the energy equation for the electrons, without viscous terms and for which the pressure can be considered to be scalar:

										(4.1)


where  is the total derivative and 






											(4.2)






a) Give a physical interpretation of every term in Eq. (4.1). (2pnt).
b) Explain why no electrical nor magnetic field is present on the left hand side of Eq. (4.1). (2pnt). 
c) Show that the right hand side of Eq. (4.1.) can be rewritten as:

											(4.3)
	
	in which ce is the random thermal velocity of the electrons. (2pnt).

We neglect now the heat conductivity term in Eq. (4.1) and assume that no heat source term is present (right hand side is equal to 0, the so called adiabatic case). 

											(4.4)


d) Use the continuity equation to derive the following relation for Se =0 
	
					(2pnt).						(4.5)

	
	

e) Using Eq. (4.4) and (4.5) derive the adiabatic Poisson law 
									 
			(2pnt). 						(4.6)

We return to Eq. (4.1). It is further known that electrons only have interaction with the ions through an Ohmic heat or dissipation source term.

f) Express the heat source term Qe, in the current density J and the electric field E. (2pnt).

							total				[12pnt]



Total 				[50pnt]
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