Last lecture (6)

« Particle motion in the magnetosphere

« Magnetospheric size (standoff distance)

Today’s lecture (7)

e Other magnetospheres
e Aurora
e Aurora on other planets

« How to measure currents in Space
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Today

Activity Date Time Room Subject Litterature
L1 28/8 15-17 Q21 Course description, Introduction, The [CGFCh1.1,1.2,
Sun 1l 1.4,5, (p 110-113),
6.3
L2 29/8 13-15 Q2 The Sun 2, Plasma physics 1 CGFCh13,5(p
114-121)
L3 4/9 10-12 E2 Solar wind, The ionosphere and CGF Ch6.1,2,3.1-
atmosphere 1, Plasma physics 2 3.2,3.5, LLChlIl,
Extra material
T1 6/9 8-10 Q21 Mini-group work 1
L4 6/9 15-17 Q2 The ionosphere 2, Plasma physics 3 CGF Ch 3.4, 3.7,
3.8
T2 10/9 15-17 Q21 Mini-group work 2
L5 11/9 10-12 E3 The Earth’s magnetosphere 1, Plasma | CGF 4-1-4.3, LL
physics 4 Chl, Il IV.A
T3 17/9 8-10 Q21 Mini-group work 3
L6 18/9 13-15 Q33 The Earth’s magnetosphere 2, Other CGF Ch 4.6-4.9,
magnetospheres LL ChV.
L7 19/9 13-15 Q2 Aurora, Measurement methods in CGF Ch 4.5, 10, LL
space plasmas and data analysis 1 Ch VI, Extra
material
T4 24/9 8-10 Q2 Mini-group work 4
L8 24/9 15-17 V3 Space weather and geomagnetic storms [ CGF Ch 4.4, LL Ch
IV.B-C, VII.LA-C
T5 2/10 8-10 Q31 Mini-group work 5
L9 2/10 13-15 Q2 Alfvén waves, Interstellar and CGF Ch 7-9, Extra
intergalactic plasma, Cosmic radiation | material
T6 8/10 15-17 Q21
L10 9/10 10-12 Q2 Guest Lecture by Swedish astronaut
Christer Fuglesang
Written 16/10 14-19 L21,
examination L22,
L31




= Magnetopause “stand-off distance”

;é‘b
Dynamic pressure: Py = Pay Vo
. 1 L2
Magnetic pressure: pp= —B
] 244,

Solar wind Magnetosphere . . ,uoa 1
Dipole field strength B = —

(in equatorial plane): am T

u,a 1 i
2 0T =
N L

1/3
a ~1/6
r= (,Uo ) (Zﬂopsw Véw )

a=8x1022 Am?,  v=500 km/s,  pg,=107x1.7x10-27 kg/m3:

r=7R, (1R, = 6378 km)
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Magnetic mirror

mv2/2 constant (energy conservation)mp

=2
SIN“ «
= konst

/\ B
A particle turns when o = 90°  ===mp

If maximal B-field is B, a particle
with pitch angle « can only be turned
around if

The magnetic moment p Is an B, =B/sinfa<B =
adiabatic invariant.

a > oy, =arcsin \/B/ B ..

mvi mv’sin®a

2B 2B Particles in
loss cone ;

/Ll:
CZ<06|C
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Magnetic mirror
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Ring current and particle motion

(0B

_ uVBxB Q

electrons

lons

‘ grad B

ring current\/
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Radiation belts

|. Van Allen belts

e Discovered in the 50s ,
Explorer 1

* Inner belt contains
protons with energies
of ~30 MeV

e Outer belt (Explorer 1V,
Pioneer lll): electrons,
W >1.5 MeV
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Galactic cosmic-ray proton \

. Collision with
“N or O nucleus

Electron

Atmosphere

)

Proton

Figure 8. An illustration of the CRAND process for populating the

inner radiation belts [Hess, 1968].
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CRAND (Cosmic Ray Albedo Neutron Decay

Collisions between cosmic ray
particles and the Earth create
new particles. Among these are
neutrons, that are not affected
by the magnetic field. They
decay, soom eof them when
they happen to be in the
radiation belts. The resulting
protons and electrons are
trapped in the radiation belts.

This contribution to the radiation
belts are called the neutron
albedo.



Magnetospheric structure

polar plumes = tail lobe plasma mantle
n,~001cm3 T,~10°K n,~0,1-1cm3, T, ~ 108 K

Solar Wind —
— Van Allen Radiation Belts ’ Plasma Mantle
SO S N
Tail Lobe ~ ~ _ R
~ \A

EERENECHEAIEE LN L Y

Plasmasphere -
/ =~
/ / T~ o
plasmasphere: plésma sheet: magnetosheath:
n, ~ 10-100 cm=3, T, ~ 1000 K n,~1cm3, T, ~ 107 K n,~5cm3T,~10°K
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Reconnection and plasma convection
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CME - magnetic connection to sun

flux rope CME

'smoke ring’ CME

2006,/07/29 00:18
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 Reconnection on the dayside
“re-connects” the solar wind
magnetic field and the ~ _ Magnetopause__ -
geomagnetic field

e In this way the plasma
convection in the outer .

c 0 : 7

magnetosphere is driven— — — = = — = — — — . . . <

e In the night side a second
reconnection region drives
the convection in the inner .3 R
magnetosphere. _ ' _
The reconnection also heats (G20, wicnign:
the plasmasheet plasma. -~

Auroral Zone
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What do the magnetospheres of the other
planets look like?
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FKTH:

v+d Planetary magnetospheres

Radius Spin Equatorial field | Magnetic axis Polarity relative | Typical magneto-
Earth period strength (uT) direction relative to Earth’s pause distance
radii (days) to spin axis (planetary radii)
Mercury | 0.38 58.6 0.35 10° Same 1.1
Venus 0.95 243 <0.03 [ - - 11
Earth 1.0 1 31 S 115° Same 10
Mars 0.53 1.02 0.065 - A Opposite ?
Jupiter 11.18 0.41 410 10° © Opposite 60-100
Saturn 9.42 0.44 40 <:IU\\ \‘\QPPOSH@ 20-25
Uanus | 384 0.72 23 60° [ Opposie 18-25
Neptune | 3.93 0.74 20-150" 47° Opposite . 26"
%) The magnetic field differs greatly from a dipole field. The numbers represent

g maximum and minimum strength at the planetary surface Very weak magnetic
) Based on single passage fields
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Relative size of the magnhetospheres

—
— -

JUPITER

¥

| — T
@

[ i sl EﬁRTH

i#——— NEPTUNE . MERCURY
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tm  Comparative magnetospheres
In situ observations

&
PR,
Space probe Planets Observations %?!@T
'ﬁﬁ%@ Mariner 10 Mercury 1974 — 1975 ’ .
]% Messenger * Mercury 2008 —
. Pioneer 10,11 | Jupiter, Saturn 1973 —1979 g A,
Voyager 1,2 i;'g;ig” Sl\f.i\él:)mhe 1977 —1989 .
Ulysses Jupiter 1992 \ h, |
e Galileo* Jupiter 1995 —2003
Cassini* Jupiter, Saturn 2004 - Mg
New Horizons | Jupiter 2007 "N
ioneerto * Orbiters = —-— BN
Y/ S Voyager 1 and 2 = 3 ﬁa
_ Cassi p
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Mercury

* 1y =0,38r;
 m,, = 0,06 mg
e distance from sun: 0,39 AU

e no or extremely thin
atmosphere

Photo from Mariner 10
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 rather large magnetic
field

 the high solar wind
density close to the sun
makes the magneto-
sphere very small

* Nno ionosphere
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Yenus

e 1,=095r1,
e m,,=0,82 mg
e distance fromsun: 0,72 AU
 very dense atmosphere
— ~ 90 atm
- 96% CO,

 very weak magnetic field

Photo from Galileo
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i

4

* The coma of the comet is ionized when the comet gets close to
sun

What will happen when the interplanetary magnetic field
(which is frozen into the solar wind) hits the coma?
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Comets, iInduced magnetotail

— -
& 4 & & & B \
— F )

« The coma of the comet is ionized when the comet gets
close to sun

e This plasma stops the field lines from passing the comet,
due to the frozen-in magnetic field

 VVenus and Mars have similar induced, weak
"magnetospheres”
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Photo from Hubble Space Telescope

Mars

ry = 0,93 rg
my, = 0,11 mg
distance from sun : 1,52 AU
very thin atmosphere
—~0.01 atm.
- 95% CO,

very weak magnetic field



Jupiter
e 1,=112r,
e m;=318mg
e distance from sun: 5,20 AU

 gas giant with very dense
atmosphere containing
hydrogen, helium,
ammonium, methane, etc.

e ~60 moons (+ weak ring
system)

Photo from Hubble Space Telescope
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* high plasma density, lo
IS an Important source

e plasma pressure thus
becomes an important
factor for balancing the
solar wind pressure

e the plasma co-rotates
with Jupiter, which
gives the
magnetosphere a
flattened look

EF2240 Space Physics 2012



Syncrotron radiation from
Jupiter’s radiation belts

A R

« Gyrating electrons emit
"syncrotron radiation” with
frequencies ~ f, =

13500 eB/(2rm,)

* The emitted power is
proportional to the electron
temperature:

P=CT,

 |n this way you can get a
picture of the radiation
belts

— o —I2 HEXK] 0.0o0ooo PR J 000
R
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Galilean satellites

.,g OCH KONST W4

™

Ganymede ™ Callisto

Volcanic Oceans under Has its own Weak
activity, source the ice? magnetosphere the 5 gnetic field
for plasma. size of Mercury’s
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Photo from Hubble Space Telescope
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Saturn

=942 rg
m¢ =95 mg
distance from sun: 9.53 AU

gas giant with very dense
atmosphere containing
sulphur, hydrogen, helium,
ammonium, methane, etc.

~ 31 moons + ring system



Janus and Epimethaus

Mimas

Encke

* ring systemet is made up of ice and
mineral particles from ~1 cmto ~ 1 km

e rings are only 1.5 km thick
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SOLAR WIND
HY, Hot+

FAST NEUTRALS
{H. H. N, 0, OH, H0)

PICK=UP 10MS

SOLAR WIND
HY Het*

BOW SHOCK

ring systemet is both source
and sink for plasma and
limits the size of the
plasmasphere

plasma pressure important
for balancing solar wind
pressure, just as for Jupiter

Intense radiation belt with
50 MeV protons
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Uranus

e ry,=384rg
e m,=14,5m¢

e distance from sun: 19,2
AU

e gas giant with very dense
atmosphere containing
mainly methane

e 20 moons + ring system
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orefopalse

—_— e

Uranus

hamm E?E-J-Taﬂ

-,
o e o o

Cate lite Flane

« Uranus’ rotational axis almost in ecliptic plane
 magnetic field axis makes an angle of around 60° with rotational axis

 this gives enourmous daily variations of the structure of the
magnetosphere
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Neptune

o Iy=3,93r1¢
e my=17,2mg
e distance from sun : 30.1 AU

e gas giant with very dense
atmosphere containing
mainly methane

e 11 moons + ring system

HST - WFPC2

2/3/95 zgl

Photo from Hubble Space Telescope
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Magnetopayse

__...———.'_

Flasriagheat

Flasm ashaet

— m— e p—

* magnetic field axis makes an angle of around 43° with rotational axis

 this gives enourmous daily variations of the structure of the
magnetosphere also for Neptune
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Comparative magnetospheres
Solar wind properties

Solar wind velocity Solar wind electron density
° | . —+ - i : 1 e 1000
100 -
T8t 18
TJ - 6\ 10 -
g =
:E - 48 S 1
= |
& | cm 0.1 -
p— (=) o
=3 18
[ 0.01 +
3L ' L ' ' ‘ 3 0.001
o 10 20 30 40 50 60
P10  Heliocentric Distance (AU) 0.1 1 10 100

. r (AU)
Pioneer 10, measurements
[Grazin et al., 1994] [Blanc et al., 2005]

N
dV = 4zrdr
AN

P
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Comparative magnetospheres

Observed vs. theoretical standoff-distance

1oooo,o§ T T T T . 1/3 e
i ] Hy 2\~
J - =
1000.0 e E rltheor (ZILlOpSW VSW )
F S 7 ] 472-
- .’,/'
’D 100.0 & —N _
ad - U
— - E .
»n 10.0F Q.- =
O = - 3
o N
— B e i
1.0 3 M P //,»"/ E
: ] 1000 [T T T T ]
o1l Lo el P | Ll L L 3
0.1 1.0 10.0 100.0 1000.0 10000 800 B (¢) N
Mheor (RE) o soof b
n L i
_ S 400 —
* Model reasonably valid over three orders of = I
magnitude 2001 e _
: ) . E TN ]
« Size of Jupiter’s (and maybe Saturn’s) MOE T e T 200 50 400
magnetosphere underestimated Fieor (Re)
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Other other magnetospheres

Heliosphere

4==Bow Shock
— Heliosheath

) Voyager 1

+=—=Termination Shock

Voyager 2

The interstellar magnetic field is distorting the
heliosphere

HIGH [ S oW
Heliopause Magnetic field strength

Heliosphere

[Opher, 2007]

SOURCE: MERAR OPHER



The aurora
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The aurora

€ ALROR T EXPERIENCE
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The aurora

=g, ocH KONST g
: o

External movie
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=4 Homogenous auroral arcs
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Rays, curtains

Rays are formed in the direction
of the local magnetic field.

Drapes develop from homogenous
arcs, often when they increase in
peifiis Intensity.

Phaoto by
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Auroral spirals

Develop when arcs become unstable
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Geometric effect of

Au I“Oral CorOna perspective when you look

towards magnetic zenith.
Compare the figure.
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http://antwrp.gsfc.nasa.gov/apod/image/0201/aurora_clausen.jpg

Aurora - altitude

Foto from Internatlonal Space Station
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http://antwrp.gsfc.nasa.gov/apod/image/0304/spaceaurora_iss_big.jpg

Early notions

Lmoncrbdstes underieichen welehes iff acfebenmodin

auff Kattenbera tnter Hren Boton ausbitn|i n anbern S tditon vnd Slefen brrain
B b Fanaery wier [an S § Teme walogeaselgen b nads d Timder LM cfen
S vamria fresm | mdgsm i

Anders Celsius documented
that compass needles where
strongly affected during auroral
activity in 1733.

Woodcut from Bohmen 1570.
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WY hat causes the aurora?




Particle motion in geomagnetic field

longitudinal oscillation

gyration azimuthal drift

' Orbi{ of trapped particle

" Mirror point

M tic mi :
agnetic mirror grad B drift
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Magnetic mirror

mv2/2 constant (energy conservation)mp

=2
SIN” &
/\ = konst
Ay particle turns when o = 90° ===
R B, =B/sina

turn

If maximal B-field is B, a particle
with pitch angle « can only be turned
around if

The magnetic moment p Is an B, =B/sinfa<B =
adiabatic invariant.

a > oy, =arcsin \/B/ B ..

mvi mv’sin®a

2B 2B Particles in
loss cone ;

/Ll:
0{<06|C
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Collisions - emissions

PROTONS IN AIR

(a)

30 80

100

ELECTRONS IN AIR

200

ALTITUDE (km)

150 F

(b)

1 keV

100

30

60

100

50

-2

=1 0

LOG ENERGY DEPOSITED (eV/m)
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electrons hit
air molecules

)
° ® clectrons

* * ..molecules

are "excited"

molecules give off light
as they calm down

magnetosphere




Emissions

excited oxygen atom

o glows red (630 nm)
excited oxygen atom o above
glows green (558 nmi) \ | 200-250 km
r a—— — A
“\\“ ',, \ ' ,
0 , :
' \\‘\g\ éf’ ; ING ' Height
\ / \? ; ¥ , above
" r r’ A ;_‘-_ ® ™. 3 - Earth
nitrogren atom _ - ~
glows blue £ N | n\\\ A 1
\
A\ below
100-150 km

ionized nitrogen

: excited nitrogen
molecules glow crimson

molecules glow red
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Oxygen emissions

eV J TERM
447 0.74 sec 0 s
& GREEN OXYGEN LINE
N [ :
Bl (dominant color)
1.96
/g
RED § o
OXYGEN LINE ©
(2200 km)

0.00
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FKTH &

4 Xhy Is there no red emissions
at lower altitude?

eV 0.74 sec J TERM

417 o 's
Ol
= GREEN OXYGEN LINE
% // (dominant color)
1.96 X
: 110 sec |
/g
RED 8|3 N
OXYGEN LINE 0 N
(2200 km) L

0.00
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Oxygen emissions

excited oxygen atom
~ glows red (630 nm)

eV 0.74 sec J TERM

417 0 g o O
Exclicd oxygen oot o / o “"“ﬁ"c 1
© ~| |~ GREENOXYGEN LINE T N Hh
I~ . eight
e (dominant color) ;t:::;
1.96 110‘“880 £ 2 1D 100,150 km
RED /O ?:% N
o
OXYGEN LINE = e B e
(2200 km) \ y 9 3%
0.00= ;
Héhe
km
2004— [
The red emission line is suppressed v
by collisions at lower altitudes due "
the its long transition time. (When \5
an excited atom collides with [ viswg \ _
1 1 1 100
another atom, is is de-excited N
without any emission.) TRag " [~ """
50109 102 o 108 sec™!
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Larger scales

Foto fran DMSP-satelliten

EF2240 Space Physics 2012



g ;
L aw
ﬁ VETENSKAP g

Auroral ovals

13397/04/04 0518:53

:

|
/
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it -m‘w‘

 ; =¥
2 S .

Dynamics Explorer

=T

Polar
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The auroral oval is the projection of the
plasmasheet onto the atmosphere

Mystery!

The particles In

the plasmasheet
do not have high
enough energy to

create aurora races AR ,
visible to the eye. \isTe

EF2240 Space Physics 2012



Magnetic mirror

mv2/2 constant (energy conservation)mp

=2
SIN” &
/\ = konst
Ay particle turns when o = 90° ===
R B, =B/sina

turn

If maximal B-field is B, a particle
with pitch angle « can only be turned
around if

The magnetic moment p Is an B, =B/sinfa<B =
adiabatic invariant.

a>ay =arcsinyB/B,,,

mvi mv’sin®a

2B 2B Particles in
loss cone ;

U
a<ay
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* The magnetosphere often
seems to act as a current
generator.

* The lower down you are
on the field line, the more
particles have been
reflected by the magnetic
mirror.

At low altitudes there are
not enough electrons to
carry the current.

magnetosphere

EF2240 Space Physics 2012
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\X/hy particle acceleration?

e Electrons are accelerated
downwards by upward E-
field.

 This increases the pitch-angle
of the electrons, and more
electrons can reach the
lonosphere, where the current
can be closed.




v

Example: f n ( m(v; + v +v7) )
Maxwellian = exp | —
distribution J (20 RT3 2T

EF2240 Space Physics 2012



\X/hy particle acceleration?

AVL AVL Vo AVL Vo

M

Thermal flow Linear regime Saturation
Efbl «wl 1 « Ed)” « Ryy Ry« E(I)|

 Electrons are accelerated downwards by upward E-field.

 This increases the pitch-angle of the electrons, and more electrons
can reach the ionosphere, where the current can be closed.
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Satellite signatures of U potential

600 T T T T
400 PARALLEL COMPONENT - EARTHWARD
ik}
0
Upper magnetosphere 200
=400
a ]
- aon WESTWARD COMPONENT -
wE
c= 200
P> 0
W E a0
& TR .
[
EQUATORWARD
O 1 COMPONENT
200
Q
=200 .
=400
~G00 I 1 1
nz2s n:es 27 I;28
IVE Tl
laToarhehe I UNIVERSAL TIME, 29JuULY !

Measurements made by the ISEE satellite
(Mozer et al., 1977)
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Acceleration regions

Broad-banded
Low-altitude clectrostatic noise

processes, including auroral acceleration

bDiffuse electron and
10N precipitation

Auroral acceleration region typically situated at altitude of 1-3 R,
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Auroral spirals

Develop when arcs become unstable

EF2240 Space Physics 2012



Kelvin-Helmholz-
instability — a general
phenomenon

Aero- and fluid dynamics

Extragalactic jet (M87) Cluds


http://heritage.stsci.edu/2000/20/big.html

Kelvin-Helmholz instability
Example: water waves

/,\\ 5 A
' [ \
\
'I A 1 \ 2
\ ! 0
1 \ 1 ,p
\
VAL ., M2
1\ .
0 |
1
\ i
1
\
\ 1
'

water
Continuity equation: Bernoulli’s equation:
2 2
Av, = AV, p, +pVv,” = p, + pV,” = const.

P> P> P

EF2240 Space Physics 2012



Spirals — Kelvin-Helmholz
Instability




Satellite signatures of U potential

B0 T T T T
a0l PARALLEL COMPONENT - EARTHWARD
200
0
Upper magnetosphare 2001 |
B 47y) -
o ]
0 agol WESTWARD COMPOMENT -
u'l E —
o & 0
P> 0
W E o
Qa0
[
EQUATCRWARD
901 1 COMPONENT
200
Q
a.zm_
‘ﬂiﬂ}*
~B00 1

25 11:26 27 ;28
lonosphere I UNIVERSAL TIME, 29JULY IS?

Measurements made by the ISEE satellite
(Mozer et al., 1977)
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Spirals — Kelvin-Helmholz
Instability

®B >
Vv=ExB

Opposite flows trigger the
K-H instability
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£ KTH §

How can you measure
currents in space?
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=4 Current sheet approximation

AN . foandfion Approximate currents by thin
o Pij current sheets with infinite size in
/e the x- och z-directions.

L—

1
Auroraloval === !
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Current sheet approximation

What will the magnetic field around such a current configuration be? Start
by approximating with line currents to get a qualitative picture.

® ® ® ©® ®

»
»

The closer you place the line currents, the more the magnetic
fields between the line currents will cancel

EF2240 Space Physics 2012



Current sheet approximation and
Ampére’s law

J
: T oB, 0B, 0B, 0B, 0B, 0B, o
e—— - E N - 1 - 1 - :/u0<Jx’ Jyl Jz)
_______ oy 0z 07 oOXx oOx oy
0
But i=0 and —=0
OX 0z
-—-_:::-j—-r T T T T (_Z, ' _—XJ:/’JO(Oi 01 JZ)
: | ! ay ay
eller

Ampére’s law (no time dependence):

1 6B,

VxB= - jz:_
o) 1, oy
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Current sheet - example

B

R0 R Q & O 0 0O O O ’
: 0 Q0 R Q

B
Bz B
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Narthern Astrid—2 data  1999-05-23 (DOY 143)

Hemisphere P ane:
Orbit 2246 B i

Date: 1999-05-23
Orbit: 2246

18 Lo

: 40 C Gl_{']t ur 11600 1M:24:00 11:32:00 AL

Alt 100a BoB 950 BB

- Cislat 42.8 86.8 85.0 64,2
D D M LT MLT 1918 152 01:58 O8:24

Thiz plat praduced on han 2002—-2-15 11:12 by Tomos

\X/hat is the direction of the current in current sheet 1?

J; =~ it {0 (emesEiee
BREGMN  Out of the ionosphere
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Date: 1999-05-23 1:2 Narthern

Orbit: 2246 Hemisphere

Astrid—2 data 1999-05-23 (DOY 143)

Orbit 2246 B

18 Lo

40 CGLat ur 1g0s

. | 11:24:00 11:3Z:00 11:40:

Alt 1004 598 L:E 965

= Cilat 2.8 6.4 85.0 64,2
D D M LT MLT 1918 1562 01:56 OE:24

Thiz plat praduced on han 2002—-2-15 11:12 by Tomos

\X/hat is the direction of the current in current sheet 1?

y X — Z"East 4 BT Into the ionosphere
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Date: 1999-05-23 1:2 Narthern

Orbit: 2246 Hemisphere

Astrid—2 data 1999-05-23 (DOY 143) i

Orbit 2246 B

- 3
- OL® -
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1) >0 = Jj.<0 Into the ionosphere

1 a B 2) (:B" <0 = 7. =0 Out of the ionosphere
- oy
ay 3) q =~ >0 = Jj. <0 Into the ionosphere
u O ay

4) <0 = 7. >0 Out of the ionosphere
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At what planets do you expect
aurora to exist?

Earth, Mercury, Earth, Venus, Jupiter,
__Blue Jupiter, Saturn peel Saturn, Uranus,
Neptune
Green Earth, Mars, Jupiter, T Red Earth, Jupiter, Saturn,

Saturn, Uranus,
Neptune

Uranus, Neptune
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X/hat do we need to have an aurora?

 Magnetic field (to guide the plasma
particles towards the planet)

o Atmosphere (to create emissions)
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At what planets do you
expect aurora to exist?

Earth, Jupiter, Saturn,
~ Red P

Uranus, Neptune

EF2240 Space Physics 2012



Mercury

* No atmosphere

e X-ray aurora???
Can possibly be created by
electrons colliding directly
with the planetary surface
and lose their energy in one
single collision.
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Jupiter aurora

e Jupiter’s aurora has a power of
~1000 TW (compare Earth: ~100
GW, nuclear power plant: ~1 GW)

* Note the “extra” oval on 10’s flux
tubel!

Jupiter Aurora HST « STIS « WFPC2

PRC98-04 « ST Scl OPO » January 7, 1998
J. Clarke (University of Michigan) and NASA

Foto fran Hubble Space Telescope
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Photo from rymdsonden Galileo

The Jupiter moon lo is very volcanically active, and deposes large amounts of
dust and gas in Jupiter’s magnetosphere. This is ionized by the sunlight, and the
charged plasma particles follow Jupiter’s magnetic field lines towards the
atmosphere and cause auroral emissions.
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Aurora of the other planets

Saturn

Uranus: Auora detected in UV.
Probably associated with Uranus’ ring
current/radiotion belts and not very
dynamic.

Neptunus: weak UV aurora detected.

Mars, VVenus: No aurora.

Saturn Aurora HST « STIS
PRC98-05 + ST Scl OPO + January 7, 1998 » J. Trauger (JPL) and NASA

Saturnus’ aurora: not noticeably different
from Jupiter’s, but much weaker. (Total
power about the same as Earth’s aurora.)
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Aurora

e Energy source (sun) * Energy source (sun)
e Atmosphere e Atmosphere

e Magnetic field e Magnetic field

o \Water

EF2240 Space Physics 2012



On space weather and
viewing aurora

Some space weather sites Kiruna

http://spaceweather.com/ Kiruna all-sky camera:
http://www.irf.se/allsky/rtasc.php

http://www.esa-spaceweather.net/ http://sunearthday.nasa.gov/swac/

tutorials/aur_Kkiruna.php
http://sunearthday.nasa.gov/swac/
Forecasts:

nttp://www.noaawatch.govithemes/spa - //flare. lund.irf.se/rwe/auroral

ce.php _ _
http://www.irf.se/Observatory/?li

http://mww.windows2universe.org/spa  NKLAII- o
ceweather/more_details.html skycamera]=Aurora_sp_statistics
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Last Minutel!

 What was the most important thing of today’s lecture? Why?

* What was the most unclear or difficult thing of today’s lecture,
and why?

e Other comments
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Planetary magnetospheres

Radius Spin Equatorial field | Magnetic axis Polarity relative | Typical magneto-
Earth period strength (uT) direction relative to Earth’s pause distance
radii (days) to spin axis (planetary radii)
Mercury | 0.38 58.6 0.35 10° Same 1.1
Venus 0.95 243 <0.03 - - 1.1
Earth 1.0 1 31 S 11.8° Same 10
Mars 0.53 1.02 0.065 -.. N . Opposite ?
Jupiter 11.18 0.41 410 . 10° Opposite 60-100
Saturn 9.42 0.44 40 ~<"’9 \ ~QOpposite 20-25
Uranus | 3.84 0.72 23 60° x\o;\:\p;bsu\e 18-25
Neptune | 3.93 0.74 20-150" 47° (\)\p\ﬁOSij[\e\ 26"

maximum and minimum strength at the planetary surface

**) Based on single passage

*) The magnetic field differs greatly from a dipole field. The numbers represent sl

Very weak magnetic
fields




Relative size of the magnhetospheres
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Comparative magnetospheres

Observed vs. theoretical standoff-distance
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