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1. Here follows a set of multiple choice questions, where yuust find out which
statements are correct. For each question (1-1, 1-2 etmxe ik only one correct
combination of answers, say "A and C” or "none”. To score omuagjion, you need
to have exactly the right combination. Any number of altéiues can be correct (0
—3). (1 p/question, 10 p in total)

1:1. Solar activity:

A. Solar flares are huge eruptions from the Sun, emittingelamgounts of
energetic particles and intense radiation during thegfhifietime (a few
hours).

B. The number of sunspots varies with an 11 year period (oahesst done
so for the last 250 years).

C. The intensity of sunlight in the visible range of wavelthgycan increase
by an order of magnitude during a solar flare eruption.

1:2. Solar system plasmas:

A. Venus and the Earth have ionospheres, but because of thesge in tem-
perature with distance to the Sun, there is no ionized upperlin the
atmospheres of Jupiter and Saturn.

B. Due to the solar wind interaction with a comet, it often eleps two tails

streaming in different directions, where one tail consi$tslasma and the
other of dust.

C. The Earth’s magnetotail points away from the Sun at midrégd toward
the Sun at noon.

1:3. Magnetic fields in space:
A. In vacuum, the magnetic field from a source localized witome sphere
decreases with distance at least as fast/a$ outside the sphere.

B. The concept of "frozen-in" magnetic field lines applieghe magnetic
field in the frame of reference of the plasma is zero.



C. The interplanetary magnetic field decays much slower digtance from
the sun than a vacuum field, because the magnetic field isrfiaze the
expanding solar wind.

1:4. Solar wind:

A. The solar wind is supersonic (i.e. it blows faster thangbend speed in
itself).

B. The solar wind accounts for about 20% of the total massfates(mea-
sured in kg/s) of the sun.

C. The typical solar wind temperature is around 5-10 eV (30,0100,000
K), so interplanetary spacecraft must be provided with bbeglds.

1.5. Earth’s ionosphere:

1:6.

1:7.

1:8.

1:9.

1:10.

A. The E-layer has much higher electron density at day thaigat, because
of ionizing radiation from the sun. For the F-layer, the ga@riation is not
S0 strong, as the recombination rates are much slower atgf-ddtitudes.

B. Due to collissions between patrticles, the conductivityhie direction per-
pendicular to the magnetic field is much higher in the ionesplthan in
the magnetosphere.

C. The density of neutral gas shows a maximum in the E-laydeast at
daytime.

Satellite orbits:

A. Geostationary satellites always stay above the sameasptite North or
South Pole.

B. At perigee, a satellite has its highest speed.

C. The geostationary orbit is possible due to a balance letilee gravita-
tional pull of the earth and the sun.

Rockets:
A. Rockets work only in an atmosphere, because they needkimgé¢o push
against.

B. Rockets work only in an atmosphere, because they needceoxXpg burn-
ing their fuel.

C. When launching a rocket, burning all the fuel at once sévelsas com-
pared to burning the same amount of fuel during a longer time.

Particle motion:
A. If there is an electric fieldE perpendicular to the magnetic fiell in a

collisionless plasma, all the plasma (ions and electroriff)id the same
direction, which is perpendicular 8 as well as tdB.

B. The magnetic field does no work on a charged particle.

C. The VB drift acts in opposite directions on electrons and posiiires,
and hence can drive a current.

Magnetosphere:

A. The plasmasphere is filled with a relatively cold and dgrlssma, coro-
tating with the Earth.

B. The cross-tail current flows in the duskward (eng. dusk =skymning)
direction.

C. The magnetopause separates the cold plasmasphere friasntiae hotter
and more tenuous radiation belts.

Space weather:



Figure 1:

A. X-rays released in a solar flare reach the Earth after abdtuours.

B. During northward interplanetary magnetic field, recartima on the day-
side magnetopause transports magnetic flux to the tail,enthermagnetic
energy density increases.

C. Heating of the Earth’s upper atmosphere and ionospheaiegda solar
storm cause the atmosphere to expand, thereby increagrartfriction
felt by a spacecratft.

2. Consider a cubic spacecraft in interplanetary space af 2listance from the Sun.
One of the normal directions to the cube sides (@kairection in Figure 1, where
the z-axis points to the Sun) is perpendicular to the directiothsolar direction.
All surfaces are covered by a material with absorbtion angsgion coefficients of
0.5 and 0.2, respectively. Internal sources of heating eamelglected. What are the
maximum and and minimumum temperatures of the spacecraftabwhat values
of the angle3 do these occur? (3 p)

3. An electron on a magnetic field line reaching the Earth ahaghetic) latitude of
60 degrees has its mirror point at an altitude of 10,000 kut ()10 - 10° km).

(a) At what geocentric distance does it cross the (magnegjeatorial plane, and
what is its pitch angle there? (3 p)

(b) Close to its mirror point, the electron happens to cellidth a proton. In the
collission, the electron’s pitch angle jumps to 60 degredhat will be the
altitude of the electron’s new mirror pointRote added after the exam: this
leads to an equation without analytical solution, but which can either be solved
numerically or by some approximation. (2 p)

4. ESA is preparing a mission called Swarm, to study the Betdithe geomagnetic
field, consisting of three satellites in circular polar ¢staround the Earth. Two of
the satellites are to travel at 450 km altitude and the thirsb® km. The Swedish
Institute of Space Physics in Uppsala delivers part of theetlc Field Instrument
onboard Swarm.

Where needed, you may in the following assume that the gatetbits have inclina-
tion 907, that the geomagnetic field is a perfect dipole with symmaxig identical
to the Earth’s rotation axis, that the plasma perfectly taigs with the Earth, and
that the electric field in the plasma rest frame is zero.

(a) What will be the difference in orbital period (in minuxégtween the two lower
and the upper spacecraft? (2 p)

(b) What is the maximum magnetic field strength encounteyetth® lower satel-
lite? At what latitude is this magnetic field measured? (2 p)



(c) What is the maximum horizontallectric field component measured by the
lower satellite? At what latitude is this maximum horizdrekectric field de-
tected? (3 p)

5. The attached printout of the Spaceweather.com web pdgesterday night gives
the solar and solar wind conditions at the time. For the dafiering to a specific
coordinate system, this is the GSE (geocentric solar é&ipystem, which is a
right-handed Cartesian system centred in the Earth witK-&is pointing to the
Sun and Z to ecliptic north (i.e. out of the Earth’s plane otimoaround the sun).

(a) From the data given in the left column, estimate the disgdrom the centre of
the Earth to the magnetopause along the Sun-Earth line seitte reasonable
assumptions on e.g. the geomagnetic field. (2 p)

(b) The likelihoods for significant geomagnetic disturbesmwithin the next 0-24
and 24-48 hour periods are given as 10% and 30-35%, resplydiilepending
on latitude), and the probability of an M class solar flaresneated as 10%
in both time periods. Discuss, in as much relevant detaibaslike but not on
much more than one page, what observations reported on gjeenpay support
these forecasts. (3 p)

Lycka till!

INote added after exam: This word was missing in the origirahe



Space Physics Formulas:
Complement to Physics Handbook

Charge density in plasma with charge particle species
p= Z qsNs

Current density:

J = aqmsve
Galilean transformations:
E' =E+v x B, B' =B

Dipole magnetic field:

Ro\’ .

B(r,0) = —By (—0) (Zf'COSG + GSinﬁ)

r

Dipole field lines:

r/sin® 6 = const.

Magnetic field energy density and pressure:

32
WB =PB = 5 —
210
Equation of motion of neutral gas:
d
pmd—: = —Vp + other forces

Equation of motion of gas of charged particles:

mncjl—;’ = ng(E + v x B) — Vp + other forces

MHD equation of motion:

dv

me =j x B — Vp + other forces

Equation of continuity:

on
E—FV-(nv)—Q—L

Equation of state for ideal gas:
p=nKT

Condition for "frozen-in” magnetic field:
E+vxB=0

Ohm'’s law:



Conductivities:

vo= (g
— ne Wfi er
oH = | wgiJruiz - w2, +v2
o = ne* (5 + ko)
Cyclotron frequency (gyrofrequency):
1 ¢B
foe=we/(2m) = Gy
Magnetic moment of charged particle gyrating in magnetidfie
1
H= §mvi/B

Magnetic force on magnetic dipole:

Fp=-uVB
Drift motion due to general forcE:
FxB
VFp = ————
F q32

Pitch angle:
tana = v /v

Electrostatic potential from char@gin a plasma:

Q 677"/)\]3
@ =
() dmeg T
Debye length:
KT
Ap =/ 2
ne
Plasma frequency:
1 ne2
= 2 —
fo = wp/(2m) o7 \| come
Rocket thrust:
7 dm
= ’Ue—
dt
Specific impulse:
JTdt
Iq = = ’Ue
P Mtueld /g
The rocket equation:
Av = —gtpum + Ve In (1 + MMfuel )
Mpayload+structure
Emitted thermal radiation power:
P, = co AT
Absorbed solar radiation power:
Pa = aAaIrad
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