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1. Herefollowsasetof qualitative questionseachof which shouldbeansweredn perhap$—15linesof text, possibly
anequationor two andmaybea figure.

(a) Whatis gyromotion?(1 p)

(b) Whatis thesolarwind? (1 p)

(c) The solarwind plasmahasa temperatureof typically 10 eV, i.e. around100 000°C — so why doesnt an
interplanetaryspacecrafimmediatelymelt or burnto ashes?1 p)

(d) Whatis the meaningof the concept’frozen-in magneticfield”, andin whatcircumstancess it appliccable?
(1p)

(e) Draw a graphof the electronnumberdensityn, in the Earth's ionosphereas a function of altitude » from

groundlevel up to the topsideionosphere.Explain why n.(h) looks like you have drawvn. (The absolute
numericalvaluesof n, arenot soimportant,but you shouldhave reasonabl@aluesonthe h axis.) (2 p)

(f) Which of thefollowing bodiescanbe expectedo have anionosphere:

i. Venus

ii. theMoon

ii. theMilky Way galaxy

iv. theWind satellite(orbiting the Earthwell outsideEarth’'s magnetosphere)

Motivateyour answetin eachcase It is theway you think andreasorthatis important— awell motivatedbut
wronganswemay be acceptedwhile ashort”yes” or "no” answercertainlywill not. (2 p)

(g) Draw alarge (useaseparatgaper)andclear sketchof the Earth's magnetospheréndicating:

i. Representate geomagnetidield lines,with direction
ii. Representate solarwind flow lines,with direction
iii. Thebow shock

iv. Themagnetopause

v. TheVanAllen radiationbelts

(2p)

2. The Clusterspacecrafhave recentlydetectecdelectronswith enegiesbetweenl00eV and1 keV justinsidethe
frontlobe magnetopausef Earth at a distanceof about12 Earthradii from Earth’s center The electronswere
obseredwhenthe spacecraftivereabout30° above the (magneticlequatoriaplane(d = 60°).

(a) Adopt a dipole field approximationand calculatethe magneticfield strengthat the Clusterlocation. The
magnetidield strengthat the surfaceof Earthnearthe equatoris about30 uT. (1 p)

(b) The electronsarefound only for pitch angleswithin +10° aroundthe geomagnetidield directionandare
counterstreaming.e. streamingn bothdirectionswith respecto the geomagnetidield direction). At what
magneticfield strengthawill theseelectronamirror? At whataltitudesabove the Earthsurfacedoesthe mir-
roring take place?Theradiusof the Earthis 6370km. (3 p)



.

Figurel: Idealizedgeometryof therelevantpartof the geomagnetitail.

3. Considetthefollowing modelof the magnetidield in the centralpartof the geomagnetitail:
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whereBy = 1 nT, a = 2000 km andthe coordinatesiredefinedasin Figurel.

(a) Calculatethe currentdensityj(r) andthe magneticforce densityj(r) x B(r) (magnitudesanddirectionsas
functionsof position).Also calculatetheir numericalvaluesatz = 0. (3 p)

(b) Now considerwhat happensf an instability appearsn theregion —a < z < a, —10a < y < 10a,
—a < z < a sothattheresistvity in this region includesdrastically Insteadof flowing throughthis region
asbefore,the currentnow insteadclosesthroughfield alignedcurrentsandthe ionosphere How strong(in
unitsof amperes)will thesefield-alignedcurrentsbe?ls this examplerelevantfor any phenomenoin Earth’s

magnetosphere3 p)

4. Eachof the four Clusterspacecraftorbiting the Earth with apogeecloseto 20 Earth radii, is approximatelya
cylinder of radius1.5 m andheight1 m, with the symmetryaxis perpendiculato the direction of the sun. The
mantle areasare coveredwith solar panels,while the top and bottom sidesare mainly coveredwith a thermal
blanket. Estimatethe equilibrium temperaturgin °C) of the satellites,assumingperfectthermal conductvity
within the spacecrafandusingdatafrom Tablel. Also assumaall onboardelectricalsystemsareturnedoff. (3 p)

Absorption| Emission

coeficient | coeficient
Solarpanels 0.80 0.90
Thermalblanket 0.20 0.90

Tablel: Somethermalmaterialproperties.

5. (a) Whenlaunchinga spacecrafinto circular orbit at altitude h above the ground,the rocket mustdo work to
increasethe gravitational potentialenegy by someamountAU aswell asto acquirethe kinetic enegy K
correspondingo thisorbit. Deriveanexpressiorfor theratio AU/ K asafunctionof k. In whatcircumstances

canonenegglecteitherAU or K? (3 p)

(b) Providing a spacecraftvith a magnetospheref its own, by usinganonboardelectromagnefpossiblysuper
conducting),is a suggestednethodfor solarwind sailing. Estimatethe dipole moment(in units of A-m?)
neededo provide a force balancingthe solar gravitation at Earth orbit for a 20 kg microsatellite. Typical
parameteror thesolarwind canbetakento ben, = 5 cm=3 andv = 400 km/s. (3 p)

(c) Is theresultin (b) importantin practice?Is it necessaryhat Fy,;; > F if onewantsto usethis techniqueto
travel outwardthroughthe solarsystem?Explainyour answer (1 p)



Space Physics Formulas:
Complement to Physics Handbook

Chagedensityin plasmawith chageparticlespecies:
p= Z qsTs

Currentdensity:
i= Z gsNsVs
s

Dipole magnetidield:

3
B(r,0) = —By (%) (21”'0050 + ésin@)

Dipolefield lines:
r/sin® § = const.
Magneticfield enegy densityandpressure:

B2
wB =pB = 5 —
2p0
Equationof motionof neutralgas:

d
pmd—‘t, = —Vp + other forces

Equationof motion of gasof chagedparticles:

d
mnsY = ng(E + v x B) — Vp + other forces

dt
MHD equationof motion:
d
pmd—‘tl = j x B — Vp + other forces
Equationof continuity:
%—FV-(nv):Q—L
Equationof statefor idealgas:
p=nKT
Conditionfor "frozen-in” magnetidield:
E+vxB=0
Ohm’slaw:
op omg O E
j= —og op O 0
Conductvities:
o E“ " “’+§
— ne wf; ge
OH T B \eZtF T enl
o = ne? (# + m:,,e
Cyclotronfrequengy (gyrofrequeng):
1 ¢B
fo=we/(2m) = 5-T=
Magneticmomentof chaigedparticlegyratingin magneticfield:
1 2
b= Emv_J_/B
Magneticforce on magnetiadipole:
FB = —[LVB



Drift motiondueto generaforceF:

Pitchangle:
tana = vy /|

Electrostatigpotentialfrom chage @ in aplasma:

Q e*T//\D
&(r) =
(r) dmeg T
Debyelength:
KT
Ao =1/ 2=
ne
Plasmdrequeng:
1 ne2
= o) = —
fo = wp/(2m) 27\ come
Rocletthrust:
T=vw d_m
Tt
Specificimpulse:
JTdt
I, = =
5P Meyelg e/g

Therocketequation:

m
Av = —gtburn + Ve In (1 + ﬁ)
Myehicle

Emittedthermalradiationpower:
P, =coAT*

Absorbedsolarradiationpower:
P, = aA,lag



