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1. Herefollowsa setof qualitative questions,eachof which shouldbeansweredin perhaps5–15lines
of text, possiblyanequationor two andmaybeafigure.

(a) Whatmakesplasmaphysicssomuchmorecomplicatedthanthephysicsof aneutralgas?(1 p)

(b) What is themeaningof theconcept”frozen-in magneticfield”, andin whatcircumstancesis it
appliccable?(1 p)

(c) Nameat leasttwo planetsin the solar system,except the Earth, that shouldhave magneto-
spheres.(1 p)

(d) Youhaveprobablyheardthat”in spacetherearenosounds,asthereis nothingfor soundwaves
to propagatein”. Well, now whenyou know that ”empty space”is not empty, what do you
think? Are theresoundsin space?Intelligent discussionis moreimportantherethanexactly
right or wrong.(1 p)

(e) Whatis thesolarcorona?Whatis (in sciencein generalandin thiscoursein particular)regarded
asthemostimportantunsolvedproblemregardingthecorona?(2 p)

(f) An argumentsometimesheardgoesasthis: ”It is impossibleto gainenergy without usingany
fuel by so-calledgravity assistmanouvres,in which a spacecraftflies by closeto a planet.As
gravity is a conservative force, thespeedof thespacecraftis thesamewhengoingaway from
theplanetaswhencomingin towardsit. Thusgravity assistis impossible.” Still gravity assist
obviously works,without any active propulsionfrom rocket enginesor solarsailsor anything,
asshown by many interplanetaryspacecraft.How? (2 p)

(g) Draw a large (usea separatepaper)andclear sketchof theEarth’smagnetosphere,indicating:

i. Representativegeomagneticfield lines,with direction
ii. Representativesolarwind flow lines,with direction
iii. Thebow shock
iv. Themagnetopause
v. Theplasmasphere

(2 p)

2. It would bevery interestingto senda spacecraftto do measurementsof theplasmaandtheelectro-
magneticfieldsin thesolarcorona,for instancefor solvingtheproblemI hopeyouhavementionedin
thesolutionto Problem1e. However, goingsocloseto thesunposessignificanttechnicalproblems,
aboveall thermalproblems.Oneof theideasof how to keepcool is to build aconicalspacecraftwith
thetop of theconetowardthesun.Assumingno internaldissipationof energy, deriveanexpression
for theequilibriumtemperatureasafunctionof conetop(half-)angleanddistanceto thesunfor such
a spacecraft.What top angleswould beneededat a distanceof 40 solarradii from thesunin order
to getdown to temperaturesof 400

�
C and50

�
C, respectively, if thesurfacepropertiesare �������	��


and � �
��� ��� (correspondingto e.g.unpolishedsteel)?Thetotalsolarluminosityis ��� ����������� W, and
thesolarradiusis 
���
������ km. (4 p)
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3. (a) Derive an expressionfor the electronnumberdensity � � in an ionosphereas a function of
altitude ! abovethegroundassumingthat:" the neutralgashasthe sametemperatureandcompositionon all heightswhile its num-

ber densityvariesas � #�$%!'& � � (*),+.-*$0/1!'2�34& , where 3 �6547 2�$98;:.& , 8 is the mean
molecularmassand � ( is theatmosphericnumberdensityat theground," the intensity < of the ionizing radiationincreaseswith altitude as determinedby =�< �> � #?$%!'&@<'$%!'&.=�! ," ionizationandrecombinationbalanceseachother, sothat A�BC� # $D!?&0<?$D!?& � A�EF� �� $D!?& .

Here, > , A B and A E areconstants,5 is Boltzmann’sconstant,and : is theaccelerationof gravity
(assumedconstantwith altitude).(4 p)

(b) Deriveanexpressionfor thealtitudeof themaximumelectrondensityin (a)only dependingon
theconstants3 , > and � ( . (2 p)

4. Consideranauroralelectron(energy in the10keV range)at somepointabovetheauroralzone.

(a) Show, for instanceby usinganadiabaticinvariant,thattheparticleis moving on thesurfaceof
a magneticflux tube(which meansthat you shall show that the total magneticflux insidethe
particlegyroorbit is constant).(2 p)

(b) Derive theconditionon themagneticfield strengths(locally anddown in theatmosphere)that
mustbesatisfiedfor theparticleto reachtheatmospherebeforeit is mirrored.(2 p)

5. Thetotal masslaunchedby arocketcanbewrittenG � 8IH1JK8;L JK8IM
where8 H is thepayloadthatweactuallywantto put into orbit, 8 L is thefuel and 8 M is thestructural
mass,i.e. themassof therocket itself.

(a) Why is it at all goodto divide a rocket into severalstages?Describein words.(1 p)

(b) Show thatdividing therocket into two stagesgivesanadditional NPO$%NQO.&FRTS #VU�M � O �'WCX � J Y[Z9\Y ZD]_^ Y[`� J Y[Z9\Y�a ] ^ Y Z%] ^ Y `
ascomparedto usingthesamefuel andstructuremassin onesinglestage.(3 p)

(c) Consideraone-stagerocketlaunchwith 8IH �b��� ��c G and 8;M �
���d� G . For thesamepayload,
how muchdoesNPO increaseby dividing therocket into two identicalstages?Assumethat the
ratio of fuel to structuremassis thesamefor eachstageandalsofor theone-stagerocket you
compareto. Theanswershouldbegivenin percentof theone-stageNQO . (2 p)

We assumethat the rocketsburn very quickly, so that theterm :�e R U E # in the rocket equationcanbe
neglected.

Lycka till!
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Space Physics Formulas:
Complement to Physics Handbook

Chargedensityin plasmawith chargeparticlespeciesf :gh�jilkjm k � k
Currentdensity: n �jilkom k � k�p q
Dipole magneticfield: r $9sutwv�& � /�x (zy�{ (s�|1}�~ c.����,��� v�J �v �w� X v��
Dipole field lines: s�2 �w� X � v �b��� X �0���
Magneticfield energy densityandpressure:��� ��� � � x �c�� (
Equationof motionof neutralgas:g���� p� e � /1� � J ���w� )���� � � � ) �
Equationof motionof gasof chargedparticles:8;� � p� e � � m $%��J p�� r &�/�� � J ����� )���� � � � ) �
MHD equationof motion: g�� � p� e � n � r /�� � J ����� )���� � � � ) �
Equationof continuity: � �� e J�� � $_� p & �
� / �
Equationof statefor idealgas: �;� � 5¡7
Conditionfor ”frozen-in” magneticfield: ��J p�� r �
�
Ohm’s law: n �£¢¤ >�¥ >�¦ �/ >�¦ >�¥ �� � >�§©¨ª ¢¤¬«1­�« §�¨ª
Conductivities: > ¥ � ®�¯� ~�°�±³²µ´0²° Z±³² ^ ´ Z² J °�±·¶0´@¶° Z±·¶ ^ ´ Z¶ �>�¦ � ®�¯� ~ ° Z±³²° Z±³² ^ ´ Z² / ° Z±·¶° Z±·¶ ^ ´ Z¶ �>�§ � �*¸ � ~º¹Y ² ´ ² J ¹Y ¶ ´ ¶ �Cyclotronfrequency (gyrofrequency):»T¼ �¾½ ¼ 2.$ cu¿ & � �c�¿ m x8
Magneticmomentof chargedparticlegyratingin magneticfield:�¡� �c 8;O �­ 2ux
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Magneticforceon magneticdipole: À � � / � �hx
Drift motiondueto generalforce

À
: p*Á � À � rm x �

Pitchangle: ��Â X � � O ­ 2TO §
Electrostaticpotentialfrom charge � in a plasma:Ã $9s�& � �Ä ¿ ��( ¸�ÅÇÆ�ÈÊÉ�Ës
Debyelength: Ì�Í �ÏÎ ��( 5¡7�*¸ �
Plasmafrequency: » H �¾½ H�2.$ cu¿ & � �cu¿zÐ �*¸ �� ( 8 �
Rocket thrust: 7b� Ou� =.8=�e
Specificimpulse: < M9H �ºÑ 7 =.e8ÒLµU��FÓ	: � O � 2T:
Therocketequation: NQO � /[:�e R U E #�JKOu� WdX¡y � J 8ÒLCU��FÓ8 H�ÔFÕ,Ó S Ô�Ö ^ M9× E U ¼ ×%U E ��|
Emittedthermalradiationpower: Ø � �ÚÙ > Û � 7�Ü
Absorbedsolarradiationpower: Ø Ô �b� Û Ô <VE ÔwÖ
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