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Spheres in geocentric philosophy

Schema huius pramiffe diuifionis Sphararum,




Spheres in modern science
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Music of the spheres
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A tale of two magnetosphere -
why is it important?

Density variations in Plasmasphere
=> wave-particle interaction with

Radiation Belts' particles =>

—_

acceleration and precipitation W i\ \ [ e —
of high (relativistic) energy | | z

particles =>

- damage of satellites' solar cell ! ch | - ”\\ EE;;'-*»;J” slat__
. source It:'gl on s I ." s
and E|6Ctr0n ICS _— S —— F‘h:m'ﬁp|here : -

- energy transfer into the neutral

atmosphere




A tale of two magnetospheres:
the HOT: Radiation Belts

AKEBONO / RDM > 2500 keV
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A tale of two magnetospheres:
the HOT: Radiation Belts

- T~ 0.1-10 MeV (elektronok) ~ 10-100 MeV
(protonok)

- Fluxus ~-10000/cm?/s
* whistler mode wave
amplifcation/generation ( hiss and chorus)

* acceleration of charged particles to
relativistic energy (10MeV electrons)

* precipitation of high energy charged
particles



A tale of two magnetospheres
the COLD: Plasmasphere

Earth’s
rotation Detached

Plasma Region Or
Flasma Tail

Geomagnetic field lines
rotate with Earth

~d4 Earth Radii ~G - 7 Earth Radii




A tale of two magnetospheres
the COLD: Plasmasphere

e T~1eV
* N~100-10000/cm?

- Wave propagation (phase and group
velocity, wave-impedance)

- propagation path



A tale of ##e three magnetospheres
the '
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A tale of ##e three magnetospheres
the ;

T~ 10 keV (electrons) ~ 200 keV (protons)
- n~10-100/cm?

* The fluctuation of magnetic field during
geomagnetic storms is caused by the
variation of ring current

November 2003 Dst (Final) WDC for Geomagnetism, Kyolo
L L




The root of all good and evil




The root of all good and evil




The root of all good and evil




Space Weather




Space Weather
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Space Weather: effects

- Radiation Damage
- Hazard to Astronauts and
Magnetospheric Aircrew
Perturbations - Interference with Sensors
- Upsets in Electronics
- Electrostatic Charging &
Discharge

_ - Electrostatic Charging &
Solar m, ‘ - Pl: . “tion - Interference with Emnn;antg
Solar Wind njection: ' _ - Radio (comms, nav.) Signal

. -7 ] Interference & Degradation

- Disruption of Power Grids,
Pipelines & Surveying

- Dirag
- Attitude Perturbation

.,, - Climate Change?

Atmosphere
Modification




Space Weather: effects

Environment Hazards
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Magnetic storms:
the effects

GIC at Mantsala in July 15, 2000
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Magnetic storms:

the effects
POWER SYSTEM EVENTS DUE TO SMD MARCH <




Magnetic storms:
the effects




Magnetic storms:
the effects

Meltdown of a transformer in South Africa due to the
Halloween stormin October - November 2003.




Magnetic storms:
the effects

In 2006 oil was flowing out from the
Alaska pipeline. Additional corrosion
due to GIC’s may have contributed to
this accident. Here: Alaska pipeline

near Fairbanks. |

Geomagnetically Induced Potential November 8-9, 1991

Potential (V)

UT (hours)



Space Weather effects on
biosphere

Observatoire de Paris




Space Weather effects on

biosphere
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Space Weather effects on

“biosphere/climate

The Hunters in the Snow by Pieter Brueghel the Elder, 1565


http://en.wikipedia.org/wiki/The_Hunters_in_the_Snow

Space Weather effects on
biosphere/climate

View of River Thames in Winter (1660) by Aert can der Neer (1603-
1677)




Space Weather effects on
biosphere
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2 = Sunspot or Wolf number

Space Weather effects on

bIOSphere People died in cholera in
Russia (1823-1923) Occurrence of scarlet vs.
latitude per 10000 inh.
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Space Weather effects on

100000 fore
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Wave-particle
Interaction-
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Wave-particle interaction-
precipitating energy

60N - =
= I
3
30°N 5
e B
- 108
0° ’ {6
"'.“'0.4
0.2
101
30°5 -, 0.08
0.06
0.04
0.02
80°8 0.01
0.001

160°%W 1200 80°W 0% 0° 10%E 80°E 120°E 160°F

3 Ergs cm™? per min



Energetic particle precipitation and the
atmosphere

Particle precipitation into the middl Proton and electron
atmosphere (30 - 100 km) increases ionis precipitation, SPEs, REP, etc.
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Music of the spheres
- again
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Music of the spheres
How does it look like?

Dunedin, 2006-02-04 11:50:23UT
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A brief history

« 1886 Sonnblick High Altitude Observatory,
Austria (cf. Hertz experiment, 1887): whistling
noise on 22km long telephone line




A brief history II.

Barkhausen, WWI: spy on enemy
communications — or 'heard the grenades fly'

1953 L. R. O. Storey: origin and propagation of
whistlers, plasmasphere, short and long
whistlers

1956 R. Helliwell: nose whistlers
1963 D. Carpenter



Fraguancy

Origin of whistlers
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What are the whistlers good for?

1. Nose frequency

2. Dispersion

From 1. + 2. => where & what
Where did it travel in plasmasphere
What was the plasma density there




Traditional whistler analyses

» Both steps of analyses require continuous
human assistance :

- selecting whistler traces
- scaling the traces

* Both are tiresome — complete analysis of 1
hour recordings usually requires a day or
more— no one can make non-stop recording
- thus it never becomes a standard
application and was never used in Space
Weather



Automatic Whistler Detector and Analyzer
(AWDA) System

* Both steps of analysis are automatic:
- detection of whistler traces
- scaling of traces

* |t can run non-stop with minimal human
control



Automatic Whistler Detector

Detection of a known-shape signal
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Virtual whistler trace transformation (VTT)

(Lichtenberger, JGR, 2009):
o0’ Dunedin, 2006-02:04 11:50:23UT
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Virtual whistler trace transformation (VTT) - it can be applied
to the spectrogram matrix and not to individual (f-t) pairs!

2006-02-0417T11:50:23.257918.dunedin.wav
I I
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Virtual whistler trace transformation (VIT) - it can applied to
the spectrogram matrix and not to individual (f-t) pairs!
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Automatic Whistler Detector and
Analyzer (AWDA) System [Lichtenberger et al.,
JGR, 2008]-

Whistlers are searched in the broad-band VLF signal without
human interaction

Automatic whistler analyses yields plasma and propagation
parameters — electron density distribution — Space Weather

AWDANEet

Extending network of AWDA systems covering low-, mid- and
high (magnetic) latitudes since 2002 including conjugate locations

~50 000-10 000 000 (') traces/year/station
Real time operation is in experimental phase



AWDANet -Europe
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AWDANet - World
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AWDANet - World
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FP7-SPACE-2010-1
Collaborative Project

.-"-- : .L- -
/" Quter belt

A new, ground based
data-assimilative model

of _the Earth's Plasmasphere —
a critical contribution to
Radiation Belt modeling for
Space Weather purposes

SEVENTH FRAMEWORK
PROGRAMME

http://plasmon.elte.hu
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The AWDANet station -
the first stand-alone
Hungarian space
experiment in Antarctica




The first gulyas in Antarctica
and the prize for it o
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SANAE, Antarctica, the advent of
twelfth-night, 2006
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