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OUTLINE

1. Solar wind: Basics

2. Interplanetary Magnetic Field: Basics

3. Coordinate systems based on Sun-Earth line

4. Data sources, Analysis and Interpretation
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The solar wind is ionized gas emitted from the Sun flowing radially 

outward through the solar system and into interstellar space.

1. The Solar Wind

The solar wind is the extension of the solar corona to very large 

heliocentric distances. 



•  Solar wind forms as a result of the huge pressure difference between
the solar corona and the interstellar space

• The pressure difference means the existence of a resultant force
directed outwards from the sun despite the restraining influence of
solar gravity. This resultant force is the driver of plasma outward into
the interstellar space.

• The solar wind which consists mainly of electrons and protons extends
tenuously for more than a hundred astronomical units and surrounds
the Earth and all of the planets.
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• On average, solar wind blows past the Earth at a speed of 400 km/s
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• Assuming hydrostatic equilibrium, then
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• The solar wind exists because the Sun maintains a 2x106K corona
as its outermost atmosphere.

• The Sun’s atmosphere “boils off” into space and is accelerated to
high velocities (> 400 km s-1).

• Parker (1958) proposed that the solar wind was the result of the
high temperature corona and developed a hydrodynamic model to
support his idea. From Parker’s model, the following quantitative
solutions for solar wind were obtained
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For the solar wind to continue to accelerate then the mean thermal energy must exceed the
gravitational energy.



• Solar wind statistics
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2. Interplanetary Magnetic Field

• The IMF is part of the Sun’s magnetic field that is carried by the solar
wind. Due to the frozen-in-flux condition, the IMF travels outward in
a spiral pattern originating from the regions on the Sun where open
magnetic field lines emerging from do not return to a conjugate region
but instead extend indefinitely into space. The frozen-in-flux condition
implies that if at a given time 𝑡0 an element of particles exists on a
particular field line, then at a later time, t this element will still be on
the same field line.

• The interaction of the IMF with the Earth’s magnetic field is
responsible for the shape of the magnetosphere and is one of the
important conditions that determine the processes that yield
geomagnetic storms.
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• The IMF is described by three orthogonal component directions 𝐵𝑋,

• 𝐵𝑌 , 𝐵𝑍.The directions of the IMF are important for the study of the
interaction of solar wind with magnetosphere. When 𝐵𝑍 is positive, it
is said to be northward and when negative it is referred to as
southward.

• The accepted model for the IMF supposes that when the southward
directed IMF encounters the northward directed magnetic field of the
Earth then the field lines interconnect, distorting the Earth’s dipole
field and providing entry for the solar wind particles into the
magnetosphere through the process of magnetic reconnection. This
results in a geomagnetic storm.

12/10/2023 11



12/10/2023 12



• Structure and dynamics of the
magnetosphere is strongly
dependent on orientation of
magnetic field in solar wind
(Interplanetary Magnetic Field –
IMF) with respect to the Earth’s
dipole field
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• A geomagnetic storm is a major
disturbance of Earth's
magnetosphere that occurs
when there is efficient
exchange of energy from
the solar wind into the
space environment
surrounding the Earth.

• The solar wind conditions that
are effective for creating
geomagnetic storms are
sustained (for several hours)
periods of high-speed solar
wind, and most importantly, a
southward directed
Interplanetary Magnetic
Field at the dayside of the
magnetosphere
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3. Coordinate Systems based on the Earth-
Sun line
• 3.1 Geocentric solar ecliptic

(GSE)

• This system has its X axis towards
the Sun and its Z axis perpendicular
to the plane of the Earth's orbit
around the Sun (positive North).
This system is fixed with respect to
the Earth-Sun line. It is convenient
for specifying magnetospheric
boundaries. It has also been widely
adopted as the system for
representing vector quantities in
space physics databases.
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• 3.2 Geocentric solar magnetospheric
(GSM)

• This system has its X axis towards the
Sun and its Z axis is the projection of
the Earth's magnetic dipole axis
(positive North) on to the plane
perpendicular to the X axis. The
direction of the geomagnetic field near
the nose of the magnetosphere is well-
ordered by this system. Thus it is
considered the best system to use
when studying the effects of
interplanetary magnetic field
components (e.g. Bz) on
magnetospheric and ionospheric
phenomena.
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4. Data sources, Analysis and 
Interpretation

• Solar wind parameters and IMF values are measured by instruments 
onboard spacecrafts orbiting at L1 lagrange point. For example NASA 
Advanced Composition Explorer (ACE).

• These data are archived by different sites such as Coordinated Data 
Analysis (Workshop) Web (CDA Web).

• https://cdaweb.gsfc.nasa.gov/
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Geomagnetic storm time
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Quiet time
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Assignment

a)  Identify quiet time and geomagnetic storm time

b)  Using an MATLAB or python plot the IMF Bz and solar wind 
speed for the quiet time and geomagnetic storm

c) Interpret the two results.
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THANK YOU
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