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1. Theanswergo thefollowing qualitative questionshouldbe a few linesfor eachof the 1-p questionsperhaps
tenlinesandafigurefor the 2-p problems.

(a) Whatis thesolarwind? (1 p)
(b) Doesthesolarwind hit the Earthsionosphere®hy/why not? (1 p)
(c) Whatdowe meanby afrozen-inmagnetidield? Whenis this conceptappliccable®1 p)
(d) Whenlaunchingarocket, why is it theoreticallybestdo burn the fuel asfastaspossible?1 p)
(e) Explaintheconceptlosscone”. (2 p)
() Why arestructuredn a magnetizecplasmaoften muchlarger alongthe magneticfield linesthanacross
them?(2 p)
(g) Whataretheradiationbelts?Why do they exist? Wherearethey (drawv apicture)?(2 p)
2. Whenpassingthe subsolamoint, which is the point wherethe magnetopausis intersectedy the Sun-Earth
line, aspacecraftecordsa magnetidield asin Figurel.
(a) Estimatethe currentdensity(A/m?) in the magnetopauseurrent.

(b) Alsodoaroughestimatefor thetotal daysidemagnetopauseurrentin amperes(correctto within afactor
of 1000r so),usingsomereasonablassumption®n magnetospherisize.

(c) Estimatethe stand-aoff distancej.e. thedistanceof the magnetopaustom the centerof the Earth.
(d) Estimatethe solarwind numberdensity(m~3), if the solarwind speedvas200km/s.

Onemayassumehatthe geomagnetidield is describedy a dipolefield all theway outto the magnetopause,
thattheinterplanetanyfield aswell asthermalpressurenay be neglected,andthat one out of four ionsin the
solarwind is aHe™ while all therestareprotons.(5 p)
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Figurel: Thez-axispointsaway from the sun.



3. The Rosettaspacecrafshouldhave beenlaunchedthreemonthsago, but dueto problemswith the Ariane V
launchvehicleit still standson the ground. Rosettas destinatiorwasthe cometWirtanen,which shouldhave
beenreachedafter more than eight yearsin space during which time Rosettawould have flown by Marsin
summer2005, Earthin autumn2005, and Earth againtwo yearslater We are now replanningthe Rosetta
missionsfor a launchin February2004 aiming for anothercomet, known as Churyome-Gerasimeng, via
anotherseriesof planetaryflybys: Earth-Mars-Earth-EarthBefore decidingfor this mission,we discussed
someotheralternaties, including the possibility to go closeto Venus. It wasnot obvious that this could be
done,asRosettavasnot designedo comecloserto the sunthanl AU.

(a) Whatis the benefitof complicatedtrajectorieswith seseral planetaryflybys, like the Rosettatrajectores
for WirtanenandChuryoma-Gerasimentt? Whatis the physicsbehindthis? Why do you think we were
looking atthe possibility of flying by Venus?2 p)

(b) In Uppsalawe have built two Langmuirprobesfor Rosettato measurghe density the temperatureand
the flow speedn the plasmaaroundthe comet. The probesaresphericalwith a radiusof 25 mm. They
aremadeof titaniumwith a surfacecoatingof titaniumnitride, which hasabsorptiorcoeficienta = 0.47
andemissioncoeficiente = 0.10. Thereis no power dissipationwithin the spheresNeglectingary heat
exchangewith otherstructureson thespacecraftwhatwould the equilibriumtemperaturef the spherical
probesheat Earthorbit (1 AU) andat Venusorbit (0.72AU)? (3 p)

4. (a) Shaw thatthekinetic enegy of a chaged particlemoving in a magneticfield, which is constanin time
but mayvary arbitrarily in spacejs constant(2 p)

(b) Consideranelectronwith akinetic enegy of 1 keV andpitch angle90° moving in the equatoriaplaneat
adistanceof 4 Rg from the centerof the Earth. How long time doesit take for this electronto drift one
completeorbit aroundthe Earth? The geomagnetidield may be takento be a dipole field with strength
30 uT atthegroundattheequator (3 p)

5. (a) Derive (from the equationof motionof a neutralgasandanassumptiorof constangravitationalfield) an
expressionshaving why the concentration®f neutralmoleculesdecreasepproximatelyexponentially
with increasingaltitude,andwhy the concentratiorof atomicoxygen(O) decreaseslower with altitude
thanthe Ny density which in turn decreaseslower thanthe concentratiorof molecularoxygen(Os).
Stateexplicitly all assumptiongou make. (2 p)

(b) A typical electrondensityprofile for the Earths ionospherei.e. the electronnumberdensityn asafunc-

tion of heighth above ground,typically hasn(0) = n(cc) = 0 anda maximumatanaltitudeh of a few
hudredkilometers.Whatarethe physicalreasongor why theionospherdookslik e this? (2 p)

(c) Nametwo planetsor moonsin the solarsystem,onewhich hasanionosphereandonewhich doesnot,
andtell briefly (oneline of text or so)why they have/donothave ionospheres(1 p)



