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1. (a) Theionizedgas(plasmajawaysstreamingoutfrom the sun,essentiallyradially, at arateof around10? kg/s.

(b) No, becauséhe chagedparticlesconstitutingthe solarwind plasmaaredeflectedby the Earth's magneticfield. In
theinteractionbetweerthe solarwind andthe geomagnetidield, the latter becomesonfinedto a region known as
themagnetospherénto which only smallamountsf solarwind plasmacanpenetrate.

(c) Whenthemagnetidield is frozeninto the plasmathe plasmaandthe magneticflux movestogetheiin the sensehat
two physicalvolumesof plasmavho atsometime areconnectedy amagnetidield line will alwaysbeconnectedy
amagnetidield line. This makesit possible(but by no meanmecessarylo interpretmagnetidield linesasphysical
entitiesmoving with the plasma.The conceptis appliccablevhenthe electricfield in the plasmarestframeis zero,
i.e.whenE + v x B = 0, whichwill bethe casefor processefong ontimescalesomparedo theion gyroperiod
andon spatialscalescomparedo theion gyroradius.

(d) In orderto overcomegravity. Thisis easyto seeby physicalcommonsensenot evena fireworksrocket would get
off the groundif you burnedthe powderin it very slowly duringanhouror so— you needto burnit quicly during
afew secondgo getanan upward force exceedingmg. More strictly, we cansaythatthis is becausef theterm
—gtpurn iN therocketequationwhich will decreas¢he amountof Av we getpropotionallyto theburntime.

(e) Considera magneticmirror, in which the maximumfield strengthis B,,. Assumethat we sit at a positionon a
magnetidield line connectedo the mirror, andthatthe magnetidield strengthat our locationis B. Particlesmoving
in thedirectionof themagnetiamirror will mirror andcomebackto usif they atour positionhave pitchanglea > a,
wheresin® o, = B/B.y,. If not, they will slip throughthe mirror andnot comebackto us, which meanshatthere
will beno particleswith o > 180° — a.. Thisemptyconein velocity spaces thelosscone.

(f) Basicallybecausef theform of the Lorentzforce,F = ¢ (E + v x B), whichimpliesthatparticlescaneasilyflow
alongthe magneticfield, but feelsthev x B forcewhenmoving perpendiculato it. It is thereforesimplerto move
particlesalongfield linesthanperpendiculato them,resultingin elongatedstructures.

(g) Theradiationbeltsareregionsof trappechigh-enegy particlesaroundthe Earthor ary otherplanetwith adipole-like
magnetidield. Here"high-enegy” meansnenpy sufiiciently highthatthe VV B-drift candominateoverthecorotation
E x B drift, sotheradiationbeltscanexist outsideof thelimit wherecold plasmais trappedtheplasmaspherefee
alsoFigurel.
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Figurel: TheEarth’sradiationbelts. Typical locationsof theelectronbeltandtheion beltareshovn asshadedireasatleft and
right, respectiely, but of courseboth of themgoesall the way aroundthe Earth. Note: Thisfigure is more detailedthan really
necessaryor an exam.
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3.

(a) Themajorreasorfor doingplanetaryflybysis to gainspeed.Theideawith trajectorieswith several planetaryswing-

bysis to gain the speedneededo completethe mission,in this caseto gain sufiicient speedto catchup with a

comet.

Theswing-bymechanismwvorksasfollows: in therestframeof theplanetwe fly by, thespeedf thespacecrafis the

sameafterasbeforethe swingby, but asthe directionof the velocity changesthe speedn therestframeof the sun

will bedifferentbeforeandafteraflyby. This doesnotviolate conserationof enegy in ary frame:in thereference
frameof thesun,the planetwill in factlosesomekinetic enegy to the spacecraft.

Themainreasorfor alsoincluding Venusin the planningwasto gainmorepossibilities:having threeplanetso play

with (Earth,Venus Mars)of coursds agreatgaincomparedo only two (MarsandEarth— Jupiterandplanetsurther

outaretoo faraway). (Note: it turnedoutthatit is not possibleto useVenusflybysfor Rosetta:asit is designedthe

spacecaft simplybecomesoo hotwhengoingin to Venusorbit.)

(b) Asthereis noconductiorto or from the probe the sunlightpower absorbedy the probe,

P, = Agadpaq, 1)

mustin equilibriumbeequalto the emittedthermalradiationpower,

P, = AcecT?, (2)
sothat 1
T = (% % Ij“) . ©)

Thefirst fractionin the parenthesiss givenby the constantgprovidedin the problem.To find the arearatio A, / Ae,
we first notethatfrom the sun,the probewill look likeacircle,so

Ay =72, (4)

TheemissionareaA, is thefull areaof thespherej.e.

A, = 4mr?, (5)
sothat "
a’ J—
a4 1/4. (6)

To getthelastunknovn paramete equation(3), the solarradiationintensityat distanceR from the sun,we divide
thetotal power of the sun(which PhysicsHandbookgivesas Pr.q = 3.92 - 102% W) by theareaof a sphereof radius

R,i.e.
Pra.d

Laa = ArR2’ (7)
Hence, ,
1/4
(2 Prad ’ ®)
4e A R%0
yielding, at Earthorbit,
1/4
0.47-3.92-10%¢
TEarth = 3 ~ 412K ~ 139°C (9)
0.1-47(1.5-101)"-5.67-10-8
andafactorl/+/0.72 higherabsolute¢emperaturat Venus,.e.
T¥enus = 485 K = 212°C. (20)
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(a) Egquakion of rolion of A neutm! gas (n a
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(b) Togetary electrondensity we musthave someatomsor moleculego ionize,andsomeradiationto dotheionization.
Faroutin spacethereis alot of radiationbut almostno neutralgasto ionize: hencethe upperboundaryconditionis
n(oco) = 0. Down at Earth,we have alot of air moleculesto ionize, but theionizing partof the solarspectrumhas
mostlybeenusedup at higheraltitudes:hencethe otherboundaryconditionn(0) = 0. In betweenatafew 100km,
theelectrondensityhasatleastonepeak:theionosphere.

(c) Only bodieswith an atmosphereanhave ionospheres Examplesof bodieswith ionosphereshusinclude Earth,
VenusandJupiter while our moonis a goodexampleof a bodylackinganionosphere.



