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Training Module 0.2
Solar Atmosphere
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Presentation Notes
This is Training Module 0.2 – Solar Atmosphere
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Prerequisites for Training Modules

High School Reading Comprehension and General Science
Electromagnetic Spectrum

Speed, Wavelength, Frequency, and Energy of Waves
Graphical Interpretation of Data

Training Modules 0.0, 0.1
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Presenter Notes
Presentation Notes
This is a list of prerequisites needed to be able to understand the material in this module.


Learning Objectives

1. The structure of the Sun
2. Features of the Solar Atmosphere


Presenter Notes
Presentation Notes
This is a brief summary of the learning objectives for this presentation. 
After a brief review of the Sun’s structure, we discuss the solar atmosphere and the features associated with each region.


Sun - Structure

Structure
1. Interior
a.Core

b. Radiative Zone
c. Convection Zone

2. “Surface”
a.Photosphere

3. Atmosphere
a.Chromosphere
b. Transition Zone
c. Corona

Prominence

b

Coronal hole

Radiative
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Presentation Notes
This is a cutaway diagram showing the various layers and structure of the Sun. The interior consists of the core where the nuclear reactions happen and the radiative and convective energy transport regions. The “surface” of the Sun is called the photosphere where the gas becomes optically thick, that is, opaque to visible light. Sunspots occur in the photosphere. Above the photosphere are thin layers of the chromosphere and the transition zone. The vast, thin outer layer is called the corona which becomes the solar wind of charged particles leaving the Sun.


Photosphere

Hotter gas

Granulation at the surface of the Sun is caused by
convection currents within the Sun’s interior. Patrick SR A ,
Hall, York University AR AR L
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Presentation Notes
The “surface” of the Sun is called the photosphere. It looks smooth at low resolution, but on higher resolution, it shows a granulation pattern as seen in this image. This is evidence of the convection of gas beneath the surface. Each blob of hotter, brighter, upwelling gas is surrounded by a cooler, darker descending gas, and the sizes of these blobs are about 1000 km (about the size of the state of Texas). Notice the limb-darkening effect in the full disk image. The center of the Sun looks brighter because you see deeper into the Sun near the center of the disk, while the edges of the Sun look darker because you are seeing cooler gas closer to the surface. The image shows dark sunspots, cooler regions of gas around strong magnetic fields in the photosphere. The images on the right show sunspots under high magnification illustrating a darker central region called the umbra and a lighter region called the penumbra.


Sunspot Magnetic Fields
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. Outside the sunspot, the *
magnetic field is low i
and this iron absorption
lineis single.
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Within the sunspot, the '-
" magnetic field is strong ¢
and this iron absorption §
 line splits into three.

(b) The spectrum in and around
the sunspot
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(a) A Sunspot
Figure 16-21

Universe, Tenth Edition
NOAO
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A direct proof of the magnetism associated with sunspots is found using spectroscopy to study the spectrum of the Sun under high magnification. Solar spectral absorption lines are seen in regions inside and outside of sunspots. The splitting of iron lines into three separate lines is a result of intense magnetic fields (the Zeeman effect) and is a way to measure the intensity of the magnetic fields inside sunspots.


' Chromospheré

Chromosphere — reddish-colored
layer above the photosphere

Contains

Filaments — dark, thread-like
features

Plages — bright patches
surrounding sunspots
Spicules — small flame-like
structures

Filaments

Image Credit: NSO/AURA/NSF with contribution from NOAA
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The Sun seen in H-alpha emission shows many features in the chromosphere. The white regions are called plages and the dark lines are filaments, both occurring in the chromosphere, above the photosphere. 
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Presentation Notes
The chromosphere (“color” sphere) has a reddish color from hydrogen line emissions. Another feature of the chromosphere are spicules, the flame-like protrusions above the photosphere. The are often see during solar eclipses under higher magnification. 





Transition Region

The transition region is a very thin
region where the temperature

changes from thousand of degrees
to millions of degrees.

Transition region bl
—=! - Photosphere
Spicule s

- Chromosphere

Corona

Credit: http://solar-center.stanford.edu/
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The transition region is a very thin region where the temperature changes from thousand of degrees to millions of degrees. 


Solar corona

Solar Corona at Eclipse, 3 MNov 1984, Putre, Chile.
High Altitude Observatory, NCAR, Boulder, Colorado, USA

Corona
« Sun’s outer atmosphere
* Very HOT, low-density gas
* Forms the solar wind — high velocity gas
of protons and electrons

L
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The thin, transparent gas that makes up the outer atmosphere of the Sun is called the corona, or crown. By reasons in energy conversion that are not completely understood, a large temperature transition happens between the 4000-8000 K chromosphere and the million-kelvin corona. This highly energetic gas is too thin to see under normal circumstances but is easily seen during total solar eclipses. These images show the streamers of hot gas in the corona sculpted by the magnetic field, an important clue to understanding the solar magnetic field. 


The Sun releases a constant stream of particles and magnetic fields
called the solar wind. This solar wind slams worlds across the solar
system with particles and radiation — which can stream all the way to
planetary surfaces unless thwarted by an atmosphere, magnetic
field, or both. Here’s how these solar particles interact with a few
select planets and other celestial bodies.
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Comets have a sort of atmosphere, called X An asteroid has no inherent
a coma. It's created as the comet’s frozen protection around it, so the
ices turn to gas by the Sun’s heat. Some solar wind can easily batter its
of those gas particles become charged in surface. The incoming particles
the intense sunlight. Once that happens, i . sometimes kick material off into
they move in concert with the s space, changing the
magnetized solar wind, forming what we LS fundamental chemistry of

see as the comet's trailing ion tail. what's left on the ground.

. Atmosphere
. Magnetic Field

&
MARS @ ‘;/\/ JUPITER @

When the solar wind crashes Jupiter's magnetic field

into Mars' atmosphere, all is similar to Earth's, but
that energy creates a layer ’ much, much larger. This
of electrified particles called magnetic field creates a
an ionopause, which, in turn, bubble that directs the
also her;)s shield the surface solar wind to stream

from solar-wind. around the planet.

Not to Scale
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This is part of a poster from NASA/GSFC summarizing the solar wind, a constant stream of charged particles and magnetic fields from the Sun. The solar wind interacts with all planetary objects. In particular, planets with atmospheres and magnetic fields can be heavily affected during times of strong solar events. 

https://solarsystem.nasa.gov/resources/2288/the-solar-wind-across-our-solar-system/

EARTH @

The solar wind is mostly
deflected by our magnetic
field, but sometimes, when
intense, some of it can leak

through. Once in near-Earth
space, the particles can

Because its atmosphere is so thin,

the solar wind hits the Moon's
surface directly, with just a little bit
of deflection by small bubbles of
magnetic field scattered across the
surface. This bombardment deposits
ingredients that could make water.

trigger aurora near the poles.

. Atmosphere

. Magnetic Field

Not to Scale
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This is part of a poster from NASA/GSFC summarizing the solar wind, a constant stream of charged particles and magnetic fields from the Sun. The solar wind interacts with all planetary objects. In particular, planets with atmospheres and magnetic fields can be heavily affected during times of strong solar events. 

https://solarsystem.nasa.gov/resources/2288/the-solar-wind-across-our-solar-system/

Resources
NASA Marshall Space Flight Center Solar Physics https://solarscience.msfc.nasa.gov/

NASA Solar and Heliospheric Observatory (SOHO) https://soho.nascom.nasa.gov/home.html

National Solar Observatory: https://nso.edu/

NOAA Space Weather Prediction Center: https://www.swpc.noaa.gov/
Australian Space Weather Forecasting Center https://www.sws.bom.gov.au/Educational/2/1

Current views of space weather:
https://spaceweather.com/
https://swe.ssa.esa.int/current-space-weather
https://www.swpc.noaa.gov/
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This is a short list of good resources on the Sun. 

https://solarscience.msfc.nasa.gov/
https://soho.nascom.nasa.gov/home.html
https://www.swpc.noaa.gov/
https://www.sws.bom.gov.au/Educational/2/1
https://spaceweather.com/
https://swe.ssa.esa.int/current-space-weather
https://www.swpc.noaa.gov/
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