Physics 525 Take Home Final Examination

Due 5/12/2004 in 1422 Engineering Hall by 9:45 AM (3 pages, 6 problems)

Y ou may use any resources you may find helpful except the assstance of your classmates or other

persons. Clearly state any assumptions you make in solution of the problems.

Please write clearly!

1) (10 pts) Discuss the Boltzmann didribution of eectron densty with respect to potentid.
Give a physcd interpretation. When can we use it? When can we not use it? Where do we need to
be careful ? Give specific examples as gppropriate.

2) (15 pts) The solar wind is an interplanetary plasma that streams from the sun’'s atmosphere,
and “caries’ with it an interplangtary magnetic fidd (dso from the sun). At the location of the
earth’s orbit, the poton density is approximately 4 x 10° m®, the typica wind speed of the protons
is 400 km/sec, and the interplanetary magnetic fidd is 5 x 10° T. These vaues are characteristic of
a“quie” sun. Thiswind drikes the magnetic fidd of the earth and digtortsiit.

(@)
(b).

(©.
(d)

3)

dv

What isthe kinetic particle pressure of the solar wind (its so-called “ram” pressure)?

Wha is the digance (measured in earth radii) from the center of the earth in the
equatorid plane a which the magnetic pressure of the earth’ s magnetic fidd is equa
to the ram pressure of the solar wind? This boundary is known as the magnetopause.
This distance marks one boundary of the magnetosphere ingde which the nearly
datic plasma of the eath’s upper amosphere is contained. Outside this envelope,
the solar wind is deflected by the eath’'s magnetic fidd, and flows around the
magnetosphere. Take the equatorid magnetic fidd to be B = 3.1 x 10° T at the
surface of the earth (on the equator).

Is the solar wind's magnetic fidd important in this pressure baance? Why or why
not?

Occasondly the sun belches out massve quantities of plasma in wha ae cdled
mass corond gections. In this case the solar wind can incresse dramaticaly.
Communicetion sadlites are located in ‘geo-synchronous orbits a a distance of
~25,000 miles dtitude. How much sronger would the solar wind (ram pressure)
need to get to move the magnetopause insde of the geo-synchronous orbit and
severdy disrupt satdlite communications? (Use 4000 mi for radius of Earth)

(15 pts) Alfven waves from MHD. We derived Alfven waves usng a 2-fluid modd in
class. This can be done very smply usng the ideal MHD eguations. Congder a uniform
plasmawith a uniform magnetic field. Using

r——=JXB ad E+VYXB=0 {ogether with Amperes Law and Faradays Law

dt

derive the usud disperson relation for Altven waves

What assumptions are in this derivation?




4) (15 pts) One scheme for generating eectric power is to collect sunlight using a
sadlite with solar cdls, convert the energy to microwaves, and tranamit the energy by
electromagnetic waves to a receiving dation on the eath. To get to the earth, the
microwaves must traverse the ionosphere, where the plasma there may absorb some
energy due to collisons between the plasma eectrons and neutrd gas. Take the average
plasma density of the ionosphere to be ne = 10 m3, and the dectron neutra collision

frequency toben = 1000 s

(@. Recdl that for an dectromagnetic wave propagating through a plasma (assuming no
magnetic fidd)
w? =w, +ck?
For a microwave frequency f = 100 MHz = 10° Hz, what is the wavelength | of the
wave in the ionospheric plasma?

(b). Fortunately, you have dready derived (HW) the disperson relation taking into
account electrorntneutra collisons, and know that for k| << Kkg:

2 ;¢ 2 0‘}/2
Kk =0 Woe o Whe o
' 2cw? w’ g

After traverang a 200 km thickness of the ionospheric plasma, by what fraction has
the wave amplitude decreased? Since wave power is proportional to the square of
the amplitude of the wave, what fraction of the microwave power is logt as it crosses
the ionosphere?

(). Is this a good idea? Discuss a least three possble problemg/difficulties with this
approach.

5) (15 pts) The Depatment of Homeland Security decided to implement a space-spaced
laser to shoot down incoming missles that might be launched by terrorist (pick your
‘favorite’) groups. They decided to use a Nd:'YAG based sysem (because very high
pulsed powers from solid-state systems coud be achieved) operating at 1064 nm (free-
space wavelength). The terrorists, having taken Physics 525, redize that there may be
an easy defense to this weapon. They coat the warheads with a carbon layer, knowing
that when the lasr firg hits it will gect carbon atoms and form a plasma Assume that
this plasma that is formed is made up of triply ionized cabon, C™" and a sufficient
number of eectronsto maintain quas- neutrdity:

a) Wha istheratio of the eectron densty to the carbon density?

b) What mugt the carbon density be if the rest of the laser pulse is to be reflected off the
initialy formed plasmalayer? Assume normd incidence.

c) The warhead could produce its own shidd through friction with the arr. How hot
would the carbon gas ablating from aound the warhead need to be to form an initid
80% dngly-ionized carbon plasma with the carbon neutrd densty caculated in part
b? (C" ionization energy 11.26 eV)?

| could have added to this to figure out how thick the carbon layer needed to be for a given
ablation/depletion rate and flight time and thermd trandfer rates to the delicate dectronics indde the
warhead, but.... Y ou people need a break!



6) (30pts) Condder a cylindricdly symmetric plasma contained by an axid magnetic
fidd. Thecolumnhesalength L and radiusa.

(@.

For kTe = kT = 1 keV (uniform), ne(r) = neo(1-r?/a0); neo = 2x 10° m3, By = 1.0 T,

L=20m,a=0.2m,findthevaueof b at r =0, and the total stored energy in the plasma.

Now, we introduce a current | in the zdirection, with uniform current density J=J,z. This is a
hydrogen plasma. This current maintains the parameters and profilesin part ().

(b)

(©).
(d).

(€).

).

Whét is the magnitude of this current for the plasmato bein MHD equilibrium?

What is the magnetic fidd I§(r) produced by this plasma current? (Be sure to give
the direction.)

Derive an expression for the N|B| drift of a charged paticle with \y = 0 in terms of
Bo, J, I, KT, m, eic. Assume that the fieddd you found in pat (c) is smal
compared to Bo, but not zero. Recdl that the N|B| depends on the gradient of the
magnitude of the total field.

Because the dectron temperature is not infinite, the plasma has a nonzero
resgtivity. What is the dectric field E = E,z that is required to produce the steady
current 17?

From the globad power baance (stored energy and input power), deduce the energy
confinement time for this sysem. Comment on it and what we have left out in this
caculation.



