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1. (12 %)
Debye lengd

I fjarleegri vetrarbraut er sky sem samanstendur af roteindum og androteindum, sem

eru af péttleika n = 10 m=3 og hafa hitastig 100 K. Hver er Debye lengdin ?

Debye length

A distant galaxy contains a cloud of protons and antiprotons, each with density

n = 10° m~2 and temperature 100 K. What is the Debye length ?



2. (18 %)
Hafsto6dug sameindaastond - klér
Laegstu sex asténd klorsameindarinnar eru, med vaxandi érvunarorku, X7, 1°1L,,
111, 1311, 1'11,, og 13X+, Hver bessara dstanda eru halfstodug ? Gefid astaedur.
Hvers er ad venta vid 6rvun upp { pessi dstond med hliosjon af stoduorku ferlum
fyrir Cly ?
Metastable molecular states - chlorine
In order of increasing energy, the six lowest states of Cly are X3, 1°11,,, 1'I1,,, 1°I1,,
1'TI,, and 1°%7. Which of these states are metastable ? Give the reasons. What
is to be expected if the molecule is excited to these levels based on the potential

curves for Cly 7
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3. (30 %)
Hringhradalafhledsla i jafnvaegi

Hringhradalathledsla er 6rvud i argon gasi vid 1 mTorr prysting med 2.45 GHz,
haegra hringskautadri bylgju, sem ber P, = 1000 W innkomandi érbylgjuafl. Aflio
er sent um kvars glugga 4 60rum enda & sivolum klefa af radia R = 10 cm og
lengd [ = 50 cm. Segulsvid fellur fra glugganum og inn 1 klefann, med svidsstigli 1

hermisvaedinu o« = 4 m—1.

(a) Gera skal rad fyrir ad innkomandi afl isogist einsleitt yfir bvermal rafgassins, pad
séu engin top til hlidarveggja afhledslunnar (eftir radianum) en ad pad séu top til
veggja i endum afhledslunnar. Finna skal rafeindahitastigio, T, og rafgaspéttleikann
i mioju afhledslunnar, ng.
(b) Notio
Sabs
Sinc

og stadfestio a0 svo ad segja allt innkomandi afl sé gleypt af rafgasinu.

=1 — exp(—mn)

(c) Finna skal minnsta innkomandi afl sem vidheldur afhledslu.

(d) Notid nidurstoournar ur (a), (b), og (c), og rissio ng sem fall af P, (linulegur
skali) fyrir 0 < Py < 1000 W.



ECR Discharge Equilibrium

An ECR discharge is excited in argon gas at a pressure of 1 mTorr by a 2.45 GHz,
right circularly polarized wave carrying P, = 1000 W of incident microwave power
through a quartz window at one end of a cylindrical discharge chamber of radius
R =10 c¢m and length [ = 50 cm. The magnetic field monotonically decreases from
the window and into the chamber, the logarithmic field gradient at the resonance

zone er « = 4 m~1.

(a) Assuming that all of the incident power is uniformly absorbed over the cross
sectional area of the plasma and that there is axial loss, but no radial loss of plasma,
find the electron temperature T, and the central plasma density ny.

(b) Use

Sabs
Sinc

and verify that essentially all of the incident power is absorbed by the plasma.

=1 — exp(—7n)

(¢) Find the minimum incident power that will sustain the discharge.

(d) Using your results in (a), (b), and (c), and sketch ng versus P, (linear scales)

for 0 < Py, < 1000 W.



4. (40 %)
Ko6fnunarefnisathledsla par sem t6p i rimminu eru radandi

Gera skal ra0 fyrir niturafhledslu i sestaedi (rafjakvaed) med einsleitan péttleika nyt =
ne og rafeindahitastig T.. N3 jonir eru myndadair i raimmalinu med jonun sem stafar
af arekstri rafeinda vid hlutlausar sameindir Ny gass (péttleiki n,) med hradafasta
ki,(Te) og tapast i riammalinu vid sameiningu rafeindar og sameindajonar sem leidir

til klofnunar sameindarinnar
e+NJ — N+ N*

sem hefur hradafasta k... Gera skal rao fyrir ad pad séu engin yfirbordstop (sveimtop)
og engin énnur myndunar eda eydingarferli. Setjum p.;,s sem aflio sem rafgasid tekur
til sin & raimmalseiningu og &. vera arekstrartop fyrir hvert rafeinda-jénapar sem er

myndad.

(a) Ritio jofnu sem lysir fyrir myndun og eydingu jakvaedra jona og jofnu fyrir
orkujafnveegi 1 wstaedi.

(b) Finna skal toluleg gildi &4 n, og Te fyrir &y, = 2 x 107" exp(—15.5/T,) m?/s,
Free = 10712 m3/s, & = 200 V, paps = 10° W/m?, og n, = 3.16 x 10?2 m—3,

(c) N1 skal gera rad fyrir ad vid timann ¢ = 0, sé skyndilega slokkt & aflinu, (paps = 0
fyrir ¢ > 0). Syna skal a0 fyrir & > T.), sé upphaflegur (¢ = 0+) hrérnunarhradi

T 1dT,/dt fyrir rafeindahitastig mun steerri en fyrir upphaflega hrérnun rafeindapét-
tleikans n_ *dne/dt.

(d) Gera skal rad fyrir ad T, hrérni mun hradar en n, eins og synt var { hluta (c).

Finna skal jofnu fyrir n.(¢) fyrir ¢ > 0+ (eftir a0 T, hefur hrérnag).



Nitrogen Discharge With Volume-Loss Processes

Consider a steady state nitrogen (electropositive) discharge with uniform density
NN = Me and electron temperature T.,. N ions are created in the volume by
electron-neutral ionization of Ny gas (density n,) with rate constant k;,(T.) and are

lost in the volume by electron-ion dissociative recombination
e+ N — N+ N*

with rate constant k.. Assume that there are no surface (diffusion) losses and no
other volume generation or loss processes. Let p,,s be the power absorbed per unit

volume and &, be the collisional energy loss per electron-ion pair created.

(a) Give the steady state equations for positive ion conservation and for energy

conservation in this discharge.

(b) Find numerical values for n, and T, for ky, = 2 x 107" exp(—15.5/T,) m?/s,
Free = 10712 m3/5, £ — 200 V, paps = 10> W/m?, and n, = 3.16 x 10?2 m~>.

(c) Now assume that at time ¢ = 0, the power absorbed is suddenly turned off (paps =
0 for t > 0). Show that for & > T.), the initial (¢ = 0+) decay rate T;'dT,/dt for
electron temperature is much greater than for the initial decay n_'dn./dt for the
density:.

(d) Assuming that T, decays munch faster than n, as shown in part (c), then find
an expression for ne(t) for t > 0+ (after the decay of T.).



