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1. Herefollows a setof qualitative questionseachof which shouldbe answeredn perhaps-15lines
of text, possiblyanequationor two andmaybeafigure.

(a) Whatmakesplasmgphysicssomuchmorecomplicatedhanthe physicsof aneutralgas?(1 p)

(b) Whatis the meaningof the concept’frozen-in magneticfield”, andin whatcircumstancess it
appliccableq1 p)

(c) Nameat leasttwo planetsin the solar system,exceptthe Earth, that should have magneto-
spheres(1p)

(d) Youhave probablyheardthat”in spaceherearenosoundsasthereis nothingfor soundwaves
to propagaten”. Well, now whenyou know that "empty space”is not empty what do you
think? Are theresoundsin space?Intelligent discussioris moreimportantherethan exactly
right or wrong. (1 p)

(e) WhatisthesolarcoronaVhatis (in sciencen generabndin thiscoursen particular)regarded
asthemostimportantunsohedproblemregardingthe corona®2 p)

(H An agumentsometimeseardgoesasthis: "It is impossibleto gainenegy without usingary
fuel by so-calledgravity assistmanouvresin which a spacecraftlies by closeto a planet. As
gravity is a consenative force, the speedof the spacecrafts the samewhengoing away from
the planetaswhencomingin towardsit. Thusgravity assistis impossibl€. Still gravity assist
obviously works, without any active propulsionfrom rocket enginesor solarsailsor arnything,
asshowvn by mary interplanetaryspacecraftHow? (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. Theplasmasphere

(2p)

2. It would be very interestingto senda spacecrafto do measurementsf the plasmaandthe electro-
magnetidieldsin the solarcoronafor instancefor solvingthe probleml hopeyou have mentionedn
the solutionto Problemle. However, going socloseto the sunposessignificanttechnicalproblems,
above all thermalproblems.Oneof theideasof how to keepcoolis to build aconicalspacecrafwvith
thetop of the conetowardthe sun. Assumingno internaldissipationof enegy, derive anexpression
for theequilibriumtemperatur@safunctionof conetop (half-)angleanddistanceo the sunfor such
a spacecraftWhattop angleswould be neededht a distanceof 40 solarradii from the sunin order
to getdown to temperaturesf 400°C and50°C, respectiely, if the surfacepropertiesarea = 0.56
ande = 0.37 (correspondingo e.g.unpolishedsteel)?Thetotal solarluminosityis 3.9 - 1026 W, and
the solarradiusis 696 000 km. (4 p)



3. (a) Derive an expressionfor the electronnumberdensityn, in anionosphereas a function of
altitudeh above thegroundassuminghat:

e the neutralgashasthe sametemperatureand compositionon all heightswhile its num-
ber densityvariesasn,(h) = ngexp(—h/H), whereH = KT/(mg), m is the mean
molecularmassandny is the atmospherieumberdensityat the ground,

e theintensity I of the ionizing radiationincreaseswith altitude as determinedby dI =
ony(h)I(h) dh,

e ionizationandrecombinatiorbalancesachother, sothata;n, (h)I(h) = a.n2(h).

Here,o, a; anda, areconstantsK is Boltzmannsconstantandg is theacceleratiorof gravity
(assumedonstantith altitude).(4 p)

(b) Derive anexpressiorfor thealtitudeof the maximumelectrondensityin (a) only dependingn
theconstantd?, o andnyg. (2 p)
4. Consideranauroralelectron(enegy in the 10 keV range)at somepoint above the auroralzone.

(a) Shaw, for instanceby usingan adiabatidnvariant,thatthe particleis moving on the surfaceof
a magneticflux tube (which meangsthat you shall shav thatthe total magneticflux insidethe
particlegyroorbitis constant)(2 p)

(b) Derivethe conditionon the magneticfield strengthqlocally anddown in the atmospherejhat
mustbe satisfiedfor the particleto reachthe atmospher®eforeit is mirrored. (2 p)

5. Thetotal masdaunchedoy arocket canbewritten
M =mp +ms +mg

wherem,, is the payloadthatwe actuallywantto putinto orbit, m¢ is thefuel andm is thestructural
massj.e. themassof therocketitself.

(a) Why isit atall goodto divide arocketinto severalstagesDescribein words. (1 p)
(b) Shaw thatdividing therocketinto two stagegjivesanadditionalAv

1 + mof

mas+mp
1 _ maf
mis+mas+mp

(A'U)bonus =7 1n

ascomparedo usingthesamefuel andstructuremassin onesinglestage (3 p)

(c) Considemone-stageocketlaunchwith m, = 0.02 M andm, = 0.1 M. Forthesamepayload,
how muchdoesAwv increaséy dividing the rocketinto two identicalstages?Assumethatthe
ratio of fuel to structuremassis the samefor eachstageandalsofor the one-stageocket you
comparego. Theanswershouldbegivenin percentof theone-stagelv. (2 p)

We assumehatthe rocketsburn very quickly, sothattheterm gt in therocket equationcanbe
neglected.

Lycka till!



Space Physics Formulas:
Complement to Physics Handbook

Chagedensityin plasmawith chageparticlespecies:
p= Z gsns

Currentdensity:
i= Z gsNsVs
s

Dipole magnetidield:

3
B(r,0) = —By (%) (Zf' cosf +ésin0)

Dipolefield lines:
r/sin® § = const.
Magneticfield enegy densityandpressure:
WB =PB = 5—
240
Equationof motionof neutralgas:

d
pmd—‘t’ = —Vp + other forces

Equationof motion of gasof chagedparticles:

d
mnd—‘t’ =ng(E + v x B) — Vp + other forces
MHD equationof motion:
d
pmd—: = j x B — Vp + other forces

Equationof continuity:

%+V-(nv)=Q—L
Equationof statefor idealgas:
p=nKT
Conditionfor "frozen-in” magnetidield:
E+vxB=0
Ohm’s law:
op omg O E,
ji= —og op O 0
0 0 0'|| E”
Conductvities:
— ne Wil Weele
op = | (wgi—i-uiz wge—l—l/g)
w2< w2
on = F (wQ'-T-lV-Z - wfef'ff)
o = e (G + ok
Cyclotronfrequeng (gyrofrequeng):
1 ¢B
fo=we/m) = =

Magneticmomentof chagedparticlegyratingin magnetidield:

1
p= §mv2¢/B

3



Magneticforceon magnetiadipole:

Fp=—-uVB
Drift motiondueto generaforceF:
FxB
VF = ———
F q32

Pitchangle:
tana = UL/UH

Electrostatigpotentialfrom chage @ in aplasma:

Q e—’l‘/)\D
&(r) =
(r) drey T
Debyelength:
KT
Ao =1/ 2=
ne
Plasmdrequeng:
1 ne?
= 2 = —
fo = wp/(2m) 27\ eome
Rocletthrust:
T=vw d_m
St dt
Specificimpulse:
Tdt
I, = f =
P Meyeld e/g
Therocketequation:
Av = —gtburn + Ve In (1 + Mfuel >
Mpayload+structure
Emittedthermalradiationpower:
P, =eoA.T!
Absorbedsolarradiationpower:
P, = aA,l g



