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Allowedtools: MathematicdHandbook PhysicsHandbook enclosedormulasheet.

1. Herefollows asetof qualitative questionsgachof which shouldbeansweredn perhap$—15linesof text, possibly
anequationor two andmaybeafigure.

(a) Why dochagedparticleswith non-zeraspeederformcirculargyromotionif placedin amagnetidield? (1 p)
(b) Why arestructuresn plasmasftenelongatedswedish:utstrackta)alongthe magnetidield lines?(1 p)

(c) Whatis the Debyelength?Why is it of interest1 p)

(d) Whatis thepitchangle?(1 p)

(e) Why arethereplasmasatall in theuniverse?How do they comeabout?How do they survive—why don't the
ionsandelectrondmmediatelyrecombine®2 p)

() Whatis a coronalmassejection?Whatis the solarcycle? Are thesetwo conceptgelatedin any way? How
canthesolaractwity influencethe spaceervironmentaroundthe Earth?(2 p)

(9) Figurelshavsthesolarwind flow in front of aplanetarymagnetospheré&hesolidcurveisthemagnetopause.
Whatis the dashecturve called?How is the solarwind flow differentin front of andbehindthis boundary?
Draw the continuationof the solarwind streamlinesfrom the dashedoundary (2 p)

Figurel: lllustrationfor problemlg.

2. (a) Shawv thatthekinetic enegy of a chagedparticlemoving in a magneticfield, which is constantin time but
mayvary in spacejs constant(2 p)

(b) Consideranelectronwith a kinetic enegy of 1 keV andno velocity alongthe magneticfield, moving in the
equatoriaplaneatadistanceof 4 Rg from thecenterof the Earth.How longtime doesit take for this electron
to drift onecompleteorbit aroundthe Earth? The geomagnetidield may be takento be a dipole field with
strength30 T onthegroundatthe equator (3 p)

3. Considera solarwind describedy thevelocityfield

v(r):vo(l—}—ln%)f', r>R
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Figure2: Altitude profilesof someneutralgascomponentsandof the electrondensity

wherer is theradial coordinaten a sphericakoordinatesystemcentredin the sun,andthe constanty is thesolar
wind speedat somedistancer = R. Assumethatthe electricfield in therestframeof the solarwind is zero.

(a) Derivetheplasmadensityprofilen(r) for r > R, giventhatn(R) = ng. (2 p)

(b) If B(r) = Af + C, where A and C are constantsjn the ecliptical plane(§ = 90°) atr = R, derive
expressiongor B, andB,, valid for » > R in the eclipticalplane.(3 p)

(c) Isthegivensolarwind velocity profile atall realistic?Motivateyour answer (1 p)

. Thediagramin Figure2 shaws the altitudedistribution of someneutralatmosphericonstituentsandthe day and
night profilesof the electrondensityin the Earth'sionosphere.

(a) Derive (from the equationof motion of a neutralgasand an assumptiorof constantgravitational field) an
expressiorshaving why the concentration®f neutralmoleculesdecreasapproximatelyexponentiallywith
increasingaltitude,andwhy the concentratiorof atomicoxygen(O) decreaseslower with altitudethanthe
N5 density whichin turn decreaseslower thanthe concentratiorof molecularoxygen(O,). Stateexplicitly
all assumptiongou make. (2 p)

(b) Why aretheday-andnighttimeprofilesfor the electrondensitydifferent?(1 p)

. The RosettaspacecraftEuropes cometchaseris to go into spaceon an Ariane 5 rocket from FrenchGuianaon
Januaryl3. The spacecrafitself may reasonablype describedasa rectangulabox of size2 x 2 x 3 meters.All
surfacescanbe consideredsimilar, with anemissioncoeficiente = 0.3. Rosettas to meetup with a cometcalled
Wirtanencloseto its aphelion(maximim distancefrom sun)around5 AU. The typical attitude of the spacecraft
will bethatoneof its 2 x 3 metersurfacesfacesthe sun. Whenreachingthe comet,Rosettawill follow it alongits
orbit towardsperihelion(point closesto sun)duringtwo years at distanceso thecometassmallasonekilometet
Rosettawill evenplacealanderonthe surfaceof thecomet!

(a) If theequilibrium spacecraftemperaturewithout ary internalheating,is 40°C whenthe spacecrafts close
to Earthorbit, whatwill it bewhenmeetingWirtanenat5 AU? (2 p)

(b) Assumingthereis no thermalinsulation,how muchinternalheatingpower (in watts)would be necessaryo
heatthe spacecraftipto 0°C whenat5 AU? (2 p)

(c) Assumethe cometnucleug(thatis, the solid partof the comet— the muchbiggerspectaculathing you seein
thenight sky is just dust,gasandplasmajto be sphericalwith a radiusof 500 m anda massdensityof about
half that of liquid water If Rosettais to stayin a stablecircular orbit aroundthe Wirtanennucleusat 1 km
distancefrom the surface,whatwill bethe speedof the spacecrafin its motion aroundthe comet,andhow
long will it take to coverafull orbit aroundthecomet?(2 p)

Lycka till!



Space Physics Formulas:
Complement to Physics Handbook

Chagedensityin plasmawith chageparticlespecies:
p= Z qsNs

Currentdensity:

i= Z gsNsVs
S

Dipole magnetidield:
Ro\°® X
B(r,0) = —Bq (—0) (2f-cos0 + Hsiné')
r
Dipolefield lines:
r/sin” @ = const.

Magneticfield enegy densityandpressure:

Equationof motionof neutralgas:

pmd—‘t’ = —Vp + other forces

Equationof motion of gasof chagedparticles:

d
mnd—‘t’ = nqg(E + v x B) — Vp + other forces

MHD equationof motion:

d
pm—V =j x B — Vp + other forces

dt
Equationof continuity:
%—i—V-(nv):Q—L
Equationof statefor idealgas:
p=nKT
Conditionfor "frozen-in” magnetidield:
E+vxB=0
Ohm’slaw:
op OH 0 EJ_
j = —0OH Op 0 0
0 0 U” E”
Conductvities:
ov = % (st o)
2 c:)2 €
oH = % (wz-—:u.z B wge-cifllg)
o = ne (5L + k)
Cyclotronfrequeng (gyrofrequeng):
1 ¢B
fo=we/m) = -4
Magneticmomentof chaigedparticlegyratingin magneticfield:
1 2
b= 5”“&/3
Magneticforce on magnetiadipole:
FB = —/I,VB
Drift motiondueto generaforceF':
_FxB

=



Pitchangle:

tana = vy /|

Electrostatigpotentialfrom chage @ in aplasma:

Debyelength:

Plasmdrequeng:

Rocletthrust:

Specificimpulse:

Therocketequation:

Av = —gtburn + Ve In (1 =+

Emittedthermalradiationpower:

Absorbedsolarradiationpower:

Q e—T/)\D
T dweg T

KT
A =/ 2=
ne
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