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Due May 04, 2015
Question # 1

Relative strength of Gravitational and Electrostatic forces.

The gravitational force between two concentrated (“point like”) masses is very similar in its mathematical stricture to the electrostatic force between two concentrated charges. The “strength” of these two forces is, however, vastly different. To illustrate this, consider the following example. Somewhere in outer space are two identical spherical dust grains, 50 (m in diameter, with mass density 2.5 gcm−3. They are at a distance d meters apart. If the grains were electrically neutral, free of other external forces, and have negligible relative velocity initially, they would eventually collide gravitationally.

Now suppose that both grains are electrically charged, each having n “extra” electrons. Find the minimum value of n that would prevent the gravitational collision. Compare this with the approximate total number of electrons contained in one grain.

Note that the physical constants you require are available in any basic physic book. Recall that the total mass of matter is almost entirely due to the neutrons and protons (roughly of equal mass). Electronically neutral material contains an equal number of protons and electrons. Assume that in the grains the number of protons equals the number of neutrons.

Question # 2
The probability of finding a molecule with a particular speed in a low pressure gas follows the Maxwell-Boltzmann Distribution function:
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Show that 

(a) The average speed of the gas molecule is
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(b) The root-mean-squared speed of the gas molecules is 
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(c) The most probable speed of the gas molecules is
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(d) Calculate the average speed of an electron when its temperature is 2.1 eV (a typical temperature in an industrial plasma), and compare it with the speed of a N2 molecule at a temperature of 390 K (a typical industrial plasma gas temperature).

(e) In many situations we consider the gas particles to be stationary with respect to the electrons. Is this a valid assumption to make? Discuss in the light of your answer of part d.
Question # 3

Verify the conversion factor from KT to eV, as well as the numerical coefficients in the shortcut formulas for
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. Compute these to three significant figures (and no more). [It is important to recognize that all those digits in your computer output are not real data.] 
Question # 4
(a) Are the particles in low industrial plasmas relativistic?

(b) Is quantum mechanics needed to describe the particles in low temperature plasmas? 
As an extreme case assumes the electrical potential ~ 1000 V exists in industrial plasma (electrical potentials that occur in industrial plasmas would rarely be as large) and a singly charged particle accelerated across the whole of such a potential (although it would be unusual for a charged particle to be accelerated across the whole of such a potential).
Question # 5
Some charged particles exist even in ordinary air. This is due to things like background and cosmic radiation which are constantly present in the environment around us. This energetic radiation interacts with the gas atoms and molecules, and can eject an electron resulting in the creation of a free electron and a positively charged ion in the gas. Considering a gas in equilibrium, the density of ions in the gas is given by the Saha equation:
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where (iz is the ionization energy (in eV) needed to ionizes the jth ion state, nj is the number density of ions in the jth state, nj+1 is the number density of ions in the next highest state of ionization, ne is the free electron density and T is the gas temperature. The quantities Uj+1 and Uj are known as the degeneracy of the respective ion species, and is related to the internal structure of the species. It usually has little effect on the overall result, changing the final value obtained by a factor of less than 10 typically, so it can often be ignored.

Consider a chamber filled with hydrogen gas at a temperature of 350 K. Calculate the H+ density in the chamber given that the neutral density is 4 ( 1015 cm−3. You can assume that all the ions in the chamber are singly ionized.

Try the above calculation for a temperature of 3000 K and see how much raising the temperature to this value increases the number of ions.

Information on hydrogen required:

U1 = 1. U0 = 2. (iz = 13.6 eV

Note that the physical constants you require are available in any basic physic book.
Question # 6
Consider cylindrical Argon plasma with radius r of 6 cm and length L of 4 cm. The electron temperature is 2.3 eV, the electron density is 2.4 × 1010 cm−3 and collisional frequency in the plasma is 5 × 104 s −1.
(a) Calculate the Debye length 
(b) Compare the potential between two Ar+ ions separated by a distance of 0.1 mm in this plasma to the potential between the same ions in a vacuum.

(c) Calculate the plasma frequency 

(d) If ion oscillations are to be included, calculate the new resonant frequency of the plasma.

(e) Verify that we have true plasma
Question # 7
(a) Consider Argon plasma with a particles density of 1014 cm−3, and an electron temperature of 2 eV. If the elastic collisional cross-section between electrons and the gas particles is 1.4 ( 10−15 cm2, calculate the electron mean free path, and the collisional frequency in the plasma.

(b) How much energy will a 1.2 eV electron lose to (i) a Chlorine molecule (Cl2) (ii) an electron during an elastic collision?
(c) Consider an argon plasma with an electron temperature of 1.7 eV, and an electron density of 1.2 (1010 cm−3. The excitation cross section for argon by electrons with energy of 7.2 eV is 4.3(10−17 cm2. Estimate the excitation reaction rate in the plasma due to electrons with this energy. Take the argon density as 1014 cm−3.

We need to be careful with this calculation because the electron temperature of the plasma is 1.7 eV, but our cross-section is for electrons with energies of 7.2 eV. Recall the Maxwell-Boltzmann distribution. This tells us that the electrons will have a range of energies, so only a small fraction of the electrons present in the plasma will have this energy. However, we can use the Maxwell distribution to estimate the fraction of electrons with this energy.



                 
Good Luck   
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