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lii.  The transition region
Above the chromosphere, in a thin (about 200 km) transition region, the temperature
rises rapidly from around 20,000 K in the upper chromosphere to coronal temperatures
closer to 1,000,000 K. The temperature increase is facilitated by the full ionization of
helium in the transition region, which significantly reduces radiative cooling of the
plasma. The transition region is not easily visible from Earth's surface, but is readily
observable from space by instruments sensitive to the extreme ultraviolet portion of the
spectrum.
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iv. Thecorona

The corona is the next layer of the Sun. The low corona, near the surface of the Sun,
has a particle density around 10 m~ to 10 m™. The average temperature of the
corona and solar wind is about 1,000,000-2,000,000 K; however, in the hottest regions
it is 8,000,000-20,000,000 K. The corona is the extended atmosphere of the Sun. A
flow of plasma outward from the Sun into interplanetary space is the solar wind.
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During a total solar eclipse, the solar corona can be seen with the naked eye,
during the brief period of totality.

v. The heliosphere
The heliosphere is the bubble-like region of space dominated by the Sun, which extends
from the outer atmosphere of the Sun to far beyond the orbit of Pluto where marks the
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edge of the Sun's magnetic influence in space. Plasma out from the Sun is a magnetic
plasma, known as the solar wind, creates and maintains this bubble against the outside
pressure of the interstellar medium. The magnetic plasma from the Sun doesn't mix
with the magnetic plasma between the stars in our galaxy, so the solar wind carves out
a bubble-like atmosphere that shields our solar system from the majority of galactic
cosmic rays.
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7- Solar wind
The solar wind is a stream of plasma released from the Sun's upper atmosphere. It

consists of mostly electrons and protons with energies usually between 1.5 and 10 keV.
The stream of particles varies in density, temperature and speed over time and over
solar longitude. These particles can escape the Sun's gravity because of their high
energy.
The solar wind is divided into the slow solar wind and the fast solar wind. The slow
solar wind has a velocity of about 400 km/s, a temperature of 1.4-1.6x10° K and a
composition that is a close match to the corona. The fast solar wind has a typical
velocity of 750 km/s, a temperature of 8x10° K and nearly matches the photospheres.
The slow solar wind is twice as dense and more variable in intensity than the fast solar
wind. The slow wind has a more complex structure, with turbulent regions and large-
scale organization.
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e Solar phenomena

I. Solar Irradiance
Irradiance is the power per unit area produced by the Sun in the form of

electromagnetic radiation. Irradiance may be measured in space or at the Earth's surface
after atmospheric absorption and scattering. Total solar irradiance (TSI), is a measure
of the solar radiative power per unit area normal to the rays, incident on the Earth's
upper atmosphere. The solar constant is a conventional measure of mean TSI at a
distance of one Astronomical Unit (AU).
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Il.  Sunspots

Sunspots are relatively dark areas (temperatures of roughly 3,000-4,500 K) on the
Sun's surface (photosphere) where intense magnetic activity inhibits convection and

cools the Photosphere.
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Sunspots usually appear in pairs of opposite magnetic polarity. Their number varies
according to the approximately 11-year solar cycle. Early in the cycle, sunspots appear
in the higher latitudes and then move towards the equator as the cycle approaches
maximum. Spots from two adjacent cycles can co-exist for some time.

Individual sunspots or groups of sunspots may last anywhere from a few days to a few
months, but eventually decay. Sunspots expand and contract as they move across the
surface of the Sun, with diameters ranging from 16 km to 160,000 km. The larger
sunspots are visible from Earth without the aid of a telescope. They may travel at
relative speeds of a few hundred meters per second when they first emerge.
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The sunspots

Sunspots have two parts: the central umbra, which is the darkest part, where the
magnetic field is approximately vertical (normal to the Sun's surface) and the

surrounding penumbra, which is lighter, where the magnetic field is more inclined.
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Solar magnetic field
The Sun has a magnetic field that varies across the surface of the Sun. Its polar field is

1-2 gauss, whereas the field is typically 3,000 gausses in sunspots and 10-100 gauss
in solar prominences. Stellar magnetic fields, according to solar dynamo theory, are
caused within the convective zone of the star. This activity destroys the star's
primordial magnetic field, then generates a dipolar magnetic field. As the star
undergoes differential rotation the magnetism is wound into a toroidal field of "flux
ropes" that become wrapped around the star. The fields can become highly
concentrated, producing activity when they emerge on the surface.
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Because the major currents flow in the direction of conductive mass motion (equatorial
currents), the major component of the generated magnetic field is the dipole field of
the equatorial current loop, thus producing magnetic poles near the geographic poles
of a rotating body. The sun's magnetic field changes polarity approximately every 11
years (so the period is about 22 years) during the peak of each solar cycle (the sunspots
activity is at maximum) as the sun's inner dynamo reorganizes itself. During a
magnetic field reversal, "the sun's polar magnetic fields weaken, go to zero and then
emerge again with the opposite polarity. The solar magnetic field extends well beyond
the Sun itself. The electrically conducting solar wind plasma carries the Sun's magnetic
field into space, forming what is called the interplanetary magnetic field.
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