
Tentamenför RymdfysikI,
RymdfysikMN1 ochRymdfysikNV1

2002-12-19

Uppsalauniversitet
Institutionenför astronomiochrymdfysik

AndersEriksson

Pleasewrite yourname onall papers,andonthefirst pageyouraddress, e-mail andphone number aswell. Answers
mayof coursebegivenin Swedishor English,accordingto yourown preference.

Time: 9:00– 14:00
Allowedtools: MathematicsHandbook,PhysicsHandbook,enclosedformulasheet.

1. Herefollowsasetof qualitativequestions,eachof whichshouldbeansweredin perhaps5–15linesof text, possibly
anequationor two andmaybeafigure.

(a) Why dochargedparticleswith non-zerospeedperformcirculargyromotionif placedin amagneticfield? (1 p)

(b) Why arestructuresin plasmasoftenelongated(swedish:utstr̈ackta)alongthemagneticfield lines?(1 p)

(c) Whatis theDebyelength?Why is it of interest?(1 p)

(d) Whatis thepitch angle?(1 p)

(e) Why arethereplasmasat all in theuniverse?How do they comeabout?How do they survive– why don’t the
ionsandelectronsimmediatelyrecombine?(2 p)

(f) What is a coronalmassejection?What is thesolarcycle? Are thesetwo conceptsrelatedin any way? How
canthesolaractivity influencethespaceenvironmentaroundtheEarth?(2 p)

(g) Figure1 showsthesolarwindflow in frontof aplanetarymagnetosphere.Thesolidcurveis themagnetopause.
What is thedashedcurve called?How is thesolarwind flow differentin front of andbehindthis boundary?
Draw thecontinuationof thesolarwind streamlinesfrom thedashedboundary. (2 p)

Magnetosphere

Figure1: Illustrationfor problem1g.

2. (a) Show that thekinetic energy of a chargedparticlemoving in a magneticfield, which is constantin time but
mayvary in space,is constant.(2 p)

(b) Consideranelectronwith a kinetic energy of 1 keV andno velocity alongthemagneticfield, moving in the
equatorialplaneatadistanceof 4

���
from thecenterof theEarth.How longtimedoesit takefor thiselectron

to drift onecompleteorbit aroundthe Earth? The geomagneticfield may be taken to be a dipolefield with
strength30 � T on thegroundat theequator. (3 p)

3. Considera solarwind describedby thevelocityfield�����
	���
��������������������! �#" �
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Figure2: Altitude profilesof someneutralgascomponents,andof theelectrondensity.

where� is theradialcoordinatein a sphericalcoordinatesystemcentredin thesun,andtheconstant
�� is thesolar
wind speedat somedistance� � � . Assumethattheelectricfield in therestframeof thesolarwind is zero.

(a) Derive theplasmadensityprofile $ � � 	 for �#" � , giventhat $ � � 	�� $ � . (2 p)

(b) If % �&�
	'�)( ����+* �, , where ( and * are constants,in the ecliptical plane( - �/.�0�1 ) at � � �
, derive

expressionsfor 243 and 2�5 valid for �#" � in theeclipticalplane.(3 p)

(c) Is thegivensolarwind velocityprofile atall realistic?Motivateyouranswer. (1 p)

4. Thediagramin Figure2 shows thealtitudedistribution of someneutralatmosphericconstituents,andthedayand
nightprofilesof theelectrondensityin theEarth’s ionosphere.

(a) Derive (from the equationof motion of a neutralgasandan assumptionof constantgravitational field) an
expressionshowing why theconcentrationsof neutralmoleculesdecreaseapproximatelyexponentiallywith
increasingaltitude,andwhy theconcentrationof atomicoxygen(O) decreasesslower with altitudethanthe
N 6 density, which in turn decreasesslower thantheconcentrationof molecularoxygen(O6 ). Stateexplicitly
all assumptionsyoumake. (2 p)

(b) Why aretheday-andnighttimeprofilesfor theelectrondensitydifferent?(1 p)

5. TheRosettaspacecraft,Europe’s cometchaser, is to go into spaceon an Ariane5 rocket from FrenchGuianaon
January13. Thespacecraftitself may reasonablybe describedasa rectangularbox of size2 x 2 x 3 meters.All
surfacescanbeconsideredsimilar, with anemissioncoefficient 7 �80:9 ; . Rosettais to meetup with a cometcalled
Wirtanencloseto its aphelion(maximim distancefrom sun)around5 AU. The typical attitudeof the spacecraft
will bethatoneof its 2 x 3 metersurfacesfacesthesun.Whenreachingthecomet,Rosettawill follow it alongits
orbit towardsperihelion(point closestto sun)duringtwo years,atdistancesto thecometassmallasonekilometer.
Rosettawill evenplacea landeron thesurfaceof thecomet!

(a) If theequilibriumspacecrafttemperature,without any internalheating,is < 0=1 C whenthespacecraftis close
to Earthorbit, whatwill it bewhenmeetingWirtanenat 5 AU? (2 p)

(b) Assumingthereis no thermalinsulation,how muchinternalheatingpower (in watts)would benecessaryto
heatthespacecraftup to 0 1 C whenat 5 AU? (2 p)

(c) Assumethecometnucleus(that is, thesolid partof thecomet– themuchbiggerspectacularthing you seein
thenight sky is just dust,gasandplasma)to besphericalwith a radiusof 500m anda massdensityof about
half thatof liquid water. If Rosettais to stayin a stablecircularorbit aroundthe Wirtanennucleusat 1 km
distancefrom thesurface,whatwill be thespeedof thespacecraftin its motionaroundthecomet,andhow
long will it take to covera full orbit aroundthecomet?(2 p)

Lycka till!
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Space Physics Formulas:
Complement to Physics Handbook

Chargedensityin plasmawith chargeparticlespecies> :?@�8A=B+C B $ B
Currentdensity: D �8A B C B $ B �FE
Dipole magneticfield: % � �  - 	��+G 2 �IH � ���J�K �ML ��ONQP�R - � �- RTS�� - �
Dipole field lines: �VU RTS�� 6 - �WNXP��YR[Z\9
Magneticfield energy densityandpressure: ]_^ ��` ^ � 2 6L � �
Equationof motionof neutralgas: ?=a�b �b�c �dG�e4`#�fP
Zhg:iQjlk�PVjmNXi\R
Equationof motionof gasof chargedparticles:n $ b �b�c � $ Co�&pq����r % 	OG�e4`��fP
ZsgYiQjlk�PVjmNXitR
MHD equationof motion: ? aub �b�c � D r % G�e4`���PVZsg:itjvk�P�jhNQitR
Equationof continuity: w $w c �xezyV� $ �l	��W{8G}|
Equationof statefor idealgas: `~� $����
Conditionfor ”frozen-in” magneticfield: px�f�fr % ��0
Ohm’s law: D ���� �Y� �:� 0G �Y� �Y� 00 0 �v�

�� ������0���
��

Conductivities: � � � �V�^ ���������s��o������ �X�� �������T�T�� ���� � � �� �� � � �V�^ � � �����o���� � �X�� G � ����� ���� � � �� ��v� � $�� 6 � �¡ �¢�T� � �¡ �£�T� �
Cyclotronfrequency (gyrofrequency): ¤M¥ �q¦ ¥ U � L�§ 	¨� �L�§ C 2n
Magneticmomentof chargedparticlegyratingin magneticfield:� � �L n�
 6� U 2
Magneticforceon magneticdipole: © ^ �dG � e 2
Drift motiondueto generalforce

©
: ��ª«� © r %C 2 6
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Pitchangle: Zh¬
�®­¯��
 � U 
 �
Electrostaticpotentialfrom charge { in a plasma:° � � 	�� {< § 7 � ��± 3m²m³Q´�
Debyelength: µ:¶ �d· 7 � ���$�� 6
Plasmafrequency: ¤�¸ �q¦ ¸ U � L
§ 	¨� �L�§�¹ $�� 67 � n�º
Rocket thrust: � ��
 ºo» n»oc
Specificimpulse: ¼¾½ ¸ �À¿ � »ocnÂÁ�Ã º£Ä�Å ��
�º U Å
Therocketequation: Æ 
��dG Å c£Ç ÃtÈ�É �f
�ºÊ�¢��HF��� n Á�Ã º£Än ¸QË£Ì Ä Í ËsÎ � ½�Ï È�Ã ¥ Ï ÃQÈ º J
Emittedthermalradiationpower: Ð ºÑ��Ò � (�º �®Ó
Absorbedsolarradiationpower: Ð Ë ��­O( Ë ¼ È ËhÎ
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