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1. Herefollowsa setof qualitativequestions,eachof which shouldbeansweredin perhaps5–15linesof text,
possiblyanequationor two andmaybea figure.

(a) Whatis a plasma?(1 p)

(b) Why don’t satellitesjust fall down to thegroundwhentherocketenginesareturnedoff? (1 p)

(c) What is the plasmasphere?How doesit differ from the surroundingregions? From wheredoesits
plasmacomefrom? (1p)

(d) Why is the interplanetarymagneticfield strongerthanwhat canbe explainedby the vacuumdipole
fieldsfrom thesunandtheplanets?(1 p)

(e) Whatis thesolarcycle?How long is it? Whathappenson thesunduringit? Whateffectsdoesit have
on theEarth?(2 p)

(f) Why is it goodto burnoff thefuel in a rocketduringa launchin asshorttimeaspossible?(2 p)

(g) A geomagneticsubstormmayreleaselargeamountsof energy in a very shorttime, partof it goingto
theaurora.Where,andin whatform, hasthis energy beenstoredprior to its release?(2 p)

2. Whenpassingthesubsolarpoint,which is thepointwherethemagnetopauseis intersectedby theSun-Earth
line, aspacecraftrecordsamagneticfield asin Figure1.

(a) Estimatethecurrentdensity(A/m
�
) in themagnetopauselayer(1 p).

(b) Estimatethestand-off distance,i.e. thedistanceof themagnetopausefrom thecenterof theEarth.(2 p)

(c) Estimatethesolarwind numberdensity(m � � ), if thesolarwind speedwas200km/s. (1 p)

(d) Estimatethetotal solarwind dynamicpressureon theEarth’smagnetosphere.(1 p)

Onemayassumethatthegeomagneticfield is describedby adipolefield all thewayoutto themagnetopause,
thattheinterplanetaryfield aswell asthermalpressuremaybeneglected,andthatoneoutof four ionsin the
solarwind is aHe

�
while all therestareprotons.
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Figure1: Magneticfield at themagnetopause(problem2).
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Figure2: A geometrical(left) andexistential(right) analysisof Spiff ’s encounterwith theunpleasantBautanons
(problem3).

3. TheboldspacemanSpiff, famousintergalacticexplorer, entersthemagnetosphereto theneutronstarBauta.
Strangelyenoughfor aneutronstar, it turnsout to beinhabitedby evil creaturescalledBautaonons,whoare
extremlyhostileto intruders.They immediatelysendupabig spacebattleshipwith anantimattergunshoting
singlychargednegativeanti-plutoniumions(242amu)with anenergy of 1 GeV. Theneutronstarhasavery
strong,almostdipolarmagneticfield (1000T at thesurfaceat theequator).Thetwo spaceshipsmeeteach
otherin a region neartheequator9 Bautaradii from thesurface.Spiff ’s ship is 100m radially outwardas
comparedto thebig alienwarship,andbotharelocatedin theequatorialplane(Figure2). Spiff unfortunately
jamshisenergeticneutralantiparticlebeamin thiscritical moment!TheBautanonsaimdirectlyatSpiff and
pull thetrigger... Whathappens?Is anybodyhit, andin thatcase,afterhow long time?Theradiusof Bauta
is only 10 km, sinceit is aneutronstar. Neglectall effectsof gravitation. (5 p)

4. TheCassinispacecraftto Saturn(distancefrom sun9.54AU) actuallystartedby goinginward in thesolar
system,passingVenustwice andEarthoncebeforegoingoutwardtowardJupiterandSaturn(Figure3).

(a) What is themainreasonfor giving a spacecraftto anouterplanetthis kind of complicatedtrajectory?
(1 p)

(b) We have built a sphericalLangmuirprobeonboardCassini,(to measurethe densityandtemperature
in for exampleTitan’s ionosphere).Theprobe,which is exposedto thesunlight,is madeof titan with
a surfacecoatingof titanium nitride, whoseabsorptionandemissioncoefficientsare0.45 and0.12,
respectively. Neglectingany heattransportto or from the spacecraftbody, what arethe highestand
lowesttemperatureswe expecttheprobeto attainduringthemission?(3 p)

Figure3: Cassinitrajectoryto Saturn(problem4).
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5. Thediagramsin Figure4 show the altitudedistributionsof variousdominantconstituentsasderivedfrom
a photo-chemistrymodelcalculationof theNeptunianmoonTriton. Both theion (upperpanel)andneutral
densities(lower panel)are indicated. The total plasmadensity, asderived from datafrom the Voyager-2
RadioScienceSubsystem(RSS),is superposedin theupperpanel.Notethatspecificallyfor N � , youshould
multiply thedensityyougetfrom thefigureby

�	��

.

(a) Derive an equationexplaining why the concentrationsof neutralmoleculesdecreaseapproximately
exponentiallywith increasingaltitude,andwhy the concentrationof heavier constituents(e.g. N � )
decreasesslower with altitudethanlighter ones(e.g.H � ). Stateexplicitely all assumptionsyou make.
(2 p)

(b) TheVoyagervaluesfor thetotalplasmadensityaremuchlargerthanthevaluesfrom themodelcalcu-
lations,which arebasedon themeasuredintensityof theEUV radiationfrom theSun.Whatcouldbe
thephysicalreasonfor this anomaly?(1 p)

(c) Assumethe co-rotationvelocity of the Neptunianplasmarelative Triton’s motion to be 40 km/s and
that themain ionosphericion speciesis N

�
. Usethemeasuredmaximumionosphericplasmadensity

from theVoyagerdatato estimatethe inducedcurrentdensityin theionosphereof Triton asexpected
from theco-rotation.Estimatethetotal currentflowing throughTriton’s ionosphere,assumingthatthe
currentflows in a 100km thick altitudelayeraroundthepeakionosphere.(3 p)

Neptunehasadipole-likemagneticfield whichis 25 � T onthesurface,aradiusof 24,750km, andarotation
periodof 15.5h. Triton, whoseradiusis 1700km, canbeassumednot have any magneticfield of its own.
Assumefurtherthatthecollision frequenciesfor theelectronsandionsare200s�� and10s�� , respectively.
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Figure4: Neutralandplasmadensitiesin Triton’s ionosphere(seetext for problem5). Molecularnitrogendom-
inatesthe atmosphere,so in orderto fit this curve togetherwith the other, it hasbeenmultiplied by

�	� � 
 . The
valuesfor N � shouldthusbemultipliedby

�	��

.
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Space Physics Formulas:
Complement to Physics Handbook

Chargedensityin plasmawith chargeparticlespecies� :��������� �����
Currentdensity: � ������� ������� �
Dipolemagneticfield: !#"%$ &('*) �,+.-0/21�3 /$54 �7698;:<>=@?�A '7B :' ADCFE '�G
Dipolefield lines:

$�H A(CFE � ' �I=J?�EKADL	M
Magneticfield energy densityandpressure:NPO �RQ O � - �8 � /
Equationof motionof neutralgas: �*SUT �T*V �W+0X7Q B ?YL(ZK[J\>]%?�\�=@[	A
Equationof motionof gasof chargedparticles:^ � T �T�V � � � "`_ B �5a ! ) +5X7Q B ?�L(Z;[	\>]%?*\�=J[	A
MHD equationof motion: ��S T �T�V � � a ! +5X0Q B ?YL�Z;[J\>]%?�\�=@[bA
Equationof continuity: c �c V B XWd " � � ) ��e�+gf
Equationof statefor idealgas: Qh� ��ikj
Conditionfor ”frozen-in” magneticfield: _ B �5a ! � �
Ohm’s law: � �mln o;p o;q �+ o;q o;p �� � o>r

st lnvu0w�u2r
st

Conductivities: o p � x�yO 65z�{}|�~(|z��{}| � ~@�| B z*{���~��z �{�� � ~ �� GoKq � x�yO 6 z �{}|z��{}| � ~@�| + z �{��z �{�� � ~ �� Go>r � ��� � 6 � | ~ | B � � ~ � G
Cyclotronfrequency (gyrofrequency): �9� �I� � H�" 8�� ) � �8�� ��-^
Magneticmomentof chargedparticlegyratingin magneticfield:� � �8 ^#� �w H -
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Magneticforceon magneticdipole: � O �W+ � X�-
Drift motiondueto generalforce

�
: ��� � � a !��- �

Pitchangle: L��YEP�g�I� w H � r
Electrostaticpotentialfrom charge e in a plasma:� "`$ ) � e� ��� / � �������	�$
Debyelength: �K� ��� � / i�j��� �
Plasmafrequency: �9� �I� � H�" 8�� ) � �8��2� ��� �� /J^# 
Rocket thrust: j �¡�  �¢ ^¢ V
Specificimpulse: £¥¤ � �§¦ j ¢ V^©¨«ª  ¬¯® �°��  H ®
Therocketequation: ± �U�²+ ® V³ ª	´%µ B �� �¶«E�1 � B ^ ¨�ª  ¬^h·  ¸	¹ � ¬   4
Emittedthermalradiationpower: º   �¼» o ½   j.¾
Absorbedsolarradiationpower: º�¿ �À� ½ ¿ £ ´ ¿(Á
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