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RECOMMENDED READING

Διαστημική Φυσική: Δαγκλής, Κατσαβριάς, 
Γεωργίου, Σέργης. Κεφάλαιο 4 
(https://repository.kallipos.gr/handle/11419/11507)

Physics of Earth’s Radiation Belts: Koskinen and 
Kilpua. Κεφάλαιο 3
(https://link.springer.com/content/pdf/10.1007/978
-3-030-82167-8.pdf)

Space Physics: May-Britt Kallenrode. Κεφάλαιο 5
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Periodic motion

• Energetic particles 

undergo three types of 

periodic motion:

– They gyrate around the 

magnetic field

– They bounce between 

the mirror points

– They drift around the 

Earth

• Associated adiabatic 

invariant

gyro

motion

bounce

motion

drift

motion

10 kHz 3 Hz 1 mHz

0.1 ms 0.36 s 15 min

1 MeV electron,  = 45o, L = 4.5

f

T

Bm

p

2

2

⊥= =
bounce

dspJ || =
drift

BdS



Μεταβολές:
χωρικές; χρονικές;



χωρική ή χρονική παράγωγος:



αλλάζει κάτι στο σύστημα με
το πέρασμα του χρόνου ή
συναντά το σκάφος κάποια

άλλη χωρική δομή;



αδιαβατικές ή μή;













Δυναμική πίεση ηλιακού ανέμου
1 nPa



1 nPa: Large Hadron Collider



Δυναμική πίεση ηλιακού ανέμου
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Ατμοσφαιρική πίεση
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Δυναμική πίεση ηλιακού ανέμου
1 nPa = 10-9 Pa

Ατμοσφαιρική πίεση
105 Pa

Διαφορά 14 τάξεων μεγέθους



Δυναμική πίεση ηλιακού ανέμου
1 nPa = 10-9 Pa

Ατμοσφαιρική πίεση
105 Pa

Διαφορά 14 τάξεων μεγέθους

Αρτηριακή πίεση: ? Pa



Δυναμική πίεση ηλιακού ανέμου
1 nPa = 10-9 Pa

Ατμοσφαιρική πίεση
105 Pa

Διαφορά 14 τάξεων μεγέθους

Αρτηριακή πίεση: 
105 + 104 Pa = 115 kPa



1 Pa



1 Pa

Πίεση ένα δισεκατομμύριο φορές μεγαλύτερη
από του ηλιακού ανέμου!
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Dovima and the Elephants

by Richard Avedon
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Stiletto heel: ? Pa

Elephant foot: ? Pa

Richard Avedon:

Dovima and 

the Elephants
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Stiletto heel: 107 Pa

Elephant foot: 6x105 Pa

Richard Avedon:

Dovima and 

the Elephants



1 Pa

107 Pa
10-9 Pa

106 Pa



1 Pa

107 Pa
10-9 Pa

106 Pa

Intergalactic void 

10-17 Pa

Neutron star

1034 Pa



Dayside

Shrinks

by Flux

Ablation

Dayside

Grows

by Flux

Accretion

Magnetosphere for IMF BZS and BZN



Magnetic reconnection
https://www.youtube.com/watch?v=7sS3Lpzh0Zw 

https://www.youtube.com/watch?v=K-YAPFcy6Wk

https://www.youtube.com/watch?v=7sS3Lpzh0Zw
https://www.youtube.com/watch?v=K-YAPFcy6Wk




Solar wind – magnetosphere coupling



Energy transfer and storage
Given that reconnection links 
the solar and terrestrial B fields, 
the energy transfer from the 
solar wind to the tail occurs quite 
naturally.

On the night-side, the field lines in 
the tail stretch and the solar wind 
plasma slows down. Hence, 
energy is removed from the flow 
and stored in the magnetic field in 
the tail. The rate of energization 
can be calculated from the 
Poynting vector integrated over 
the surface of the tail. The 
magnetic energy, flux and field 
strength of the tail increase.





Μεταφορά ισχύος
(δηλαδή ρυθμός μεταφοράς ενέργειας)

ανάλογη του:

Pdyn vsw Bs



Space Storms

• Historically defined (and identified)                as 
prolonged world-wide depressions              of 
H-component of geomagnetic field

• Associated with aurora and solar eruptions

• Now recognized as the most complex, multi-
faceted dynamic phenomenon in geospace



Space Storms

Not to be confused with Solar Storms, 

(aka Solar Radiation Storms)

which are episodes of intense acceleration 

of solar particles to very high energies 

(Solar Energetic Particles – SEPs)  

by solar flares and/or CMEs.



Space Storms

Not to be confused with Solar Storms, 

(aka Solar Radiation Storms)

which are episodes of intense acceleration 

of solar particles to very high energies 

(Solar Energetic Particles – SEPs)  

by solar flares and/or CMEs.

Solar Storms and Space Storms are not identical!

Solar Storms do not cause Space Storms!



Aurora in Rikkokushi - chronicles of ancient Japan

620 AD, Hayakawa+, Publ.  Astron. Soc. Jpn 2017





Daglis and Akasofu, CSEG 2004



Aurora in Greece



Aurora in Greece



Aurora in Japan



Kyoto Word Data Center for Geomagnetism
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Their postulated and 
observationally verified 
cause: the Ring Current
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▪ Carried mainly by ions (H+, O+, N+, He++, He+) in the 
energy range ~1 keV to a few 100s keV

▪ Bulk of energy within 50-100 keV

▪ Spatial extent: ~2-8 RE (geocentric)

▪ Maximum intensity at ~3-5 RE (geocentric)

Ring Current



• Composition: e-, H+, He+, O+,  N+, He++ 

• Energy Range:  ~ 1 keV < E < 300 keV

• Location:  ~ 2 < L < 8

• Energy Density:  ~ 10 - 1000 keV/cm3

Geomagnetic Storm: Ring Current Evolution



Vasyliunas, in Earth’s Magnetospheric Processes, 1972



Vasyliunas, in Earth’s Magnetospheric Processes, 1972



Ring Current



One Ring to rule them All



One Ring to rule them All
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