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1. (a) Theionizedgas(plasma)alwaysstreamingout from thesun,essentiallyradially, at a rateof around
�����

kg/s.

(b) No, becausethechargedparticlesconstitutingthesolarwind plasmaaredeflectedby theEarth’s magneticfield. In
the interactionbetweenthesolarwind andthegeomagneticfield, the latterbecomesconfinedto a region known as
themagnetosphere,into which only smallamountsof solarwind plasmacanpenetrate.

(c) Whenthemagneticfield is frozeninto theplasma,theplasmaandthemagneticflux movestogetherin thesensethat
two physicalvolumesof plasmawhoatsometimeareconnectedby amagneticfield line will alwaysbeconnectedby
amagneticfield line. Thismakesit possible(but by nomeansnecessary)to interpretmagneticfield linesasphysical
entitiesmoving with theplasma.Theconceptis appliccablewhentheelectricfield in theplasmarestframeis zero,
i.e. when ���	��

��� �

, which will bethecasefor processeslong on timescalescomparedto theion gyroperiod
andonspatialscalescomparedto theion gyroradius.

(d) In orderto overcomegravity. This is easyto seeby physicalcommonsense:not evena fireworksrocket would get
off thegroundif you burnedthe powder in it very slowly duringanhouror so– you needto burn it quicly during
a few secondsto get an an upward force exceeding��� . More strictly, we cansaythat this is becauseof the term� ����������� in therocketequation,which will decreasetheamountof ��� wegetpropotionallyto theburn time.

(e) Considera magneticmirror, in which the maximumfield strengthis  "! . Assumethat we sit at a positionon a
magneticfield line connectedto themirror, andthatthemagneticfield strengthatour locationis  . Particlesmoving
in thedirectionof themagneticmirror will mirror andcomebackto usif they atourpositionhavepitchangle#%$&#('
where )+*-,/.0#('1�2 435 ! . If not, they will slip throughthemirror andnot comebackto us,which meansthat there
will beno particleswith #6$ �87��:9 � #;' . Thisemptyconein velocityspaceis thelosscone.

(f) Basicallybecauseof theform of theLorentzforce, <��>=@?A�B�	�%
C�ED , which impliesthatparticlescaneasilyflow
alongthemagneticfield, but feelsthe �6
F� forcewhenmoving perpendicularto it. It is thereforesimplerto move
particlesalongfield linesthanperpendicularto them,resultingin elongatedstructures.

(g) Theradiationbeltsareregionsof trappedhigh-energyparticlesaroundtheEarthor any otherplanetwith adipole-like
magneticfield. Here”high-energy” meansenergysufficientlyhighthatthe G� -drift candominateoverthecorotation�>
H� drift, sotheradiationbeltscanexist outsideof thelimit wherecoldplasmais trapped(theplasmasphere).See
alsoFigure1.

Figure1: TheEarth’s radiationbelts.Typical locationsof theelectronbelt andtheion belt areshown asshadedareasat left and
right, respectively, but of coursebothof themgoesall theway aroundtheEarth. Note: Thisfigure is more detailedthanreally
necessaryfor anexam.
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3. (a) Themajorreasonfor doingplanetaryflybys is to gainspeed.Theideawith trajectorieswith severalplanetaryswing-
bys is to gain the speedneededto completethe mission,in this caseto gain sufficient speedto catchup with a
comet.

Theswing-bymechanismworksasfollows: in therestframeof theplanetwefly by, thespeedof thespacecraftis the
sameafterasbeforetheswingby, but asthedirectionof thevelocity changes,thespeedin therestframeof thesun
will bedifferentbeforeandaftera flyby. This doesnot violateconservationof energy in any frame: in thereference
frameof thesun,theplanetwill in factlosesomekinetic energy to thespacecraft.

Themainreasonfor alsoincludingVenusin theplanningwasto gainmorepossibilities:having threeplanetsto play
with (Earth,Venus,Mars)of courseis agreatgaincomparedto only two (MarsandEarth– Jupiterandplanetsfurther
out aretoo faraway). (Note: it turnedout that it is not possibleto useVenusflybysfor Rosetta:asit is designed,the
spacecraft simplybecomestoo hot whengoingin to Venusorbit.)

(b) As thereis no conductionto or from theprobe,thesunlightpowerabsorbedby theprobe,I(J �>K J #;LM� J+N/O (1)

mustin equilibriumbeequalto theemittedthermalradiationpower,I;P �>K PRQTSVUXW�O (2)

sothat U � Y # Q K JK P LR� JZNS\[^]+_ Wa` (3)

Thefirst fractionin theparenthesisis givenby theconstantsprovidedin theproblem.To find thearearatio K J 3MK P ,
we first notethatfrom thesun,theprobewill look likea circle,soK J �>bdc . ` (4)

TheemissionareaK P is thefull areaof thesphere,i.e.K P �&e:bdc . O (5)

sothat K JK Pf� � 3ge ` (6)

To getthelastunknown parameterin equation(3), thesolarradiationintensityat distanceh from thesun,wedivide
thetotalpowerof thesun(whichPhysicsHandbookgivesas

I � JZN ��i ` j�kXl �8� .Zm W) by theareaof asphereof radiush , i.e. LR� JZN � I � J+Ne�b0h . ` (7)

Hence, U � Y #e Q I � JZNe:b0h . S [^]+_ W O (8)

yielding,atEarthorbit,UVnoJ �qpArs�ut � ` eov l i ` j:k"l �8� .Zm� ` � l e�bH? � `xw^l ��� ]+] D . l�wy` z v l ���y{}|o~ ]�_
W"� e � kX� � � i j 9�� (9)

anda factor
� 3�� � ` v k higherabsolutetemperatureat Venus,i.e.U}� P �R��� �>e 7 w�� � k � k 9�� `

(10)
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5. (a)

(b) To getany electrondensity, wemusthavesomeatomsor moleculesto ionize,andsomeradiationto dotheionization.
Farout in space,thereis a lot of radiationbut almostno neutralgasto ionize: hencetheupperboundaryconditionis� ?���D�� �

. Down at Earth,we have a lot of air moleculesto ionize,but the ionizing partof thesolarspectrumhas
mostlybeenusedup athigheraltitudes:hencetheotherboundarycondition � ? � Da� �

. In between,ata few 100km,
theelectrondensityhasat leastonepeak:theionosphere.

(c) Only bodieswith an atmospherecanhave ionospheres.Examplesof bodieswith ionospheresthus includeEarth,
VenusandJupiter, while ourmoonis a goodexampleof a bodylackinganionosphere.
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