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The Earth’s dipole magnetic field 

The intrinsic 
geomagnetic 
field of the Earth 
is about 
50,000 nT in the 
polar regions 
and about 
30,000 nT at the 
equator.  



9.12.2011 

2 

The Earth’s dipole magnetic field 

The intrinsic 
geomagnetic 
field of the Earth 
resembles that of 
a magnet, but… 

Solar wind 
There is a 
contnuous flow of 
plasma from the 
Sun, called solar 
wind, out to the 
interplanetary 
space. The plasma 
flow is radial and it 
carries along the 
magnetic field of the 
Sun, the 
interplanetary 
magnetic field, IMF 
(conductivity in the 
solar wind plasma is 
infinite => magnetic 
field is “frozen” into 
the plasma). 
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Interplanetary magnetic field, IMF 

At the orbit of the 
Earth, the solar wind 
speed is typically 
300-400 km/s and 
the IMF magnitude 
is 5 nT. However, 
there are large 
variations due to 
solar activity 
variations.  
The IMF structure is 
called Parker (or 
Archimedes) spiral.  

Simplified view from above the Sun’s pole. 

Ballerina model of the IMF 

The solar magnetic fileld is also basically of dipolar type, where magnetic 
field lines leave from one hemisphere and enter into the other 
heliosphere. But since the IMF expands into the space, a heliospheric 
current sheet is formed at the magnetic equator. This current sheet 
fluctuates like a ballerina skirt. 
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Kuva 3.9: Aurinko-ballerinan ”hame”eli Auringon magneettisen ekvaattorin eli he-
liosfäärin virtalevyn poimuileva rakenne. Maan rata on kuvattu viivalla, joka on
vuoroin hameen ala- (katkoviiva), vuoroin yläpuolella (yhtenäinen viiva). Auringon
pyörähtäessä akselinsa ympäri noin 27 vrk:n aikana Maassa havaitaan kaikki sen
hetkiset laskoksen poimut vaihtelevana sektorirakenteena.

jompikumpi kentän suunta dominoi. A-sektorissa (away) kenttä on suuntautu-
nut Auringosta poispäin, joten siihen kuuluvat Auringon magneettisesta poh-
joiselta pallonpuoliskolta lähteneet kenttäviivat. T-sektorin (toward) kenttä-
viivat ovat suuntautuneet Aurinkoon päin, eli ne tulevat Auringon eteläiseltä
magneettiselta hemisfääriltä.

• Auringon pyöriessä sektorit vuorottelevat. Auringon yhden pyörähdyksen ai-
kana (eli noin 27 vrk:n aikana) havaitut sektorit muodostavat HMF:n sen het-
kisen sektorirakenteen.

• T- ja A-sektorit ovat siis ekliptikatason tekemiä leikkauksia kolmilulotteisis-
ta T- ja A-alueista, joissa HMF osoittaa kohti Aurinkoa ja Auringosta pois
päin. Näiden kahden vastakkain suuntautuneen magneettialueen (pohjoisen
ja eteläisen magneettisen hemisfäärin) välillä on heliosfäärin magneettinen
ekvaattori eli ns. heliosfäärin neutraalilevy eli heliosfäärin virtalevy (HCS; he-
liospheric current sheet), jonka aaltoileva rakenne muistuttaa balleriinan ha-
metta. Neutraalilevyn jatke Auringon pinnalle määrittää Auringon magneet-
tisen ekvaattorin.

• Sektorirakenne vaihtelee Auringon aktiviteetin ja siis auringonpilkkusyklin
mukaan. Minimiaikana on tyypillistä 2-sektorirakenne eli yksi T- ja yksi A-
sektori. Varsinkin suuren pilkkuaktiivisuuden aikana havaitaan usein 4-sektori-
rakenne. Muitakin rakenteita esiintyy.

• Auringon positiivisen polariteetin aikoina magneettinen pohjoinen (vastaavas-
ti eteläinen) hemisfääri eli siis A-sektori (vastaavasti T-sektori) dominoi Au-
ringon pohjoisella (vastaavasti eteläisellä) heliografisella hemisfäärillä. Nega-
tiivisen polariteetin aikoina tilanne on päinvastainen: magneettinen pohjoinen



9.12.2011 

4 

Formation of the magnetosphere 

Earth’s magnetic 
field is an obstacle 
for the solar wind: it 
can’t penetrate 
inside, but flows 
past and modifies 
the dipolar field so 
that it is extended 
on the night side to 
so called 
magnetotail. 

   S
W 

Magnetosphere 

The region of space 
dominated by the 
Earth’s magnetic field 
is called the 
magnetosphere 
(white). 3-4 Re ahead 
of magnetosphere 
forms the bow shock, 
where the SW velocity 
suddenly drops. 
Between the bow 
shock and magneto-
sphere we have the 
magnetosheath 
(yellow, contains SW 
plasma). Typical solar wind conditions give a standoff distance 

of the magnetopause at about 10 Re (Earth radius = 
6370 km) upstream of the Earth. 
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Magnetospheric plasma regions 

Plasmasphere (blue)  
contains plasma, 
which originates from 
the ionosphere. It is 
dense and cold (low-
energy ions) 
 
Plasmasheet on the 
nightside contains 
plasma that may 
originally come from 
the SW or from the 
ionosphere. It is more 
energetic than the 
plasma in the 
surrounding lobes or in 
the plasmasphere. 

Ring current 

Ring current is 
carried by protons 
at 4-6 Re distance 
from the Earth. It is 
highly variable in 
intensity and in the 
energy of the 
protons (1 keV - 
hundreds of keV) 
that carry the 
current. 
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Radiation (Van Allen) belts 

The inner radiation belt 
extends about 1 Re 
above the equator. It 
consists of very 
energetic protons (0.1 
- 40 MeV), producted 
in collisions by cosmic 
rays with atoms of the 
atmosphere.  
The outer belt overlaps 
with the ring current 
region, but usually only 
the most energetic 
protons and electrons 
are called as radiation 
belt partcles (e.g. 
protons above 1 MeV). 

Group task 1: Identify the magnetospheric regions 
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Magnetosphere in 3D 

The region between 
the PSBL and the 
magnetopause is 
called lobe. There are 
two lobes, one in the 
northern and one in 
the southern 
hemisphere. 

Plasma characteristics in the magnetospheric 
regions 

β parameter gives the ratio of the plasma thermal pressure to 
the magnetic field pressure 

Table: Typical parameters for magnetospheric regions 

How do these regions map along the magnetic field lines to the ionosphere? 


