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�R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O���R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O���R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O���R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O���R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O���R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O���R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O���R�I���W�K�H���Q�D�W�X�U�D�O���V�F�L�H�Q�F�H���L�Q���D���P�R�U�H���J�H�Q�H�U�D�O��
�V�H�Q�V�H�����V�H�Q�V�H�����V�H�Q�V�H�����V�H�Q�V�H�����V�H�Q�V�H�����V�H�Q�V�H�����V�H�Q�V�H�����V�H�Q�V�H����
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2008.8.1 Total Solar Eclipse

http://eclipse2008.net/
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�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J�6�R�O�D�U���$�F�W�L�Y�L�W�\���L�V���,�Q�F�U�H�D�V�L�Q�J
����������	����

����������	����

 �� ���
�	���
����������������������
�	���
�������������������

��������
�������������
����� ����	��
�������������	���
����������	��
�������������	���
������
��������	���
������������������
��	����������������������	���
������������������
��	��������������
���������
	�����������
	��

������	������
����	���
����������	���������������	������
����	���
����������	��������� 	���
�	���
�
���
�	���
�	 ���� ��
������		���������	��
������		���������	 ������������ 	���
�	���
�
���
��������
��������
��������
����� �����	��������
��	�������	������	��������
��	�������	�
�������������� 	���
�	��
�		���
�	��
�	 ���������
����

�������������������
����

����������
����	��������	���
����	��	�
�	��
����������������	��������	���
����	��	�
�	��
������������
��
���	����	���������
�������������
�������
���	����	���������
�������������
�����

����	���
�	��
�	��������	������	���
�	��
�	��������	�� ��������	�������������	�����
������
������	������
������	 �������������	�����������������	���� ��
���������
�������
�	�
�����	����	�����	�
�����	����	���� �������� ����������������
������������������
�� ����



��������� �	
��
�
�����	�
�������������� &

'�	�#��	������
 �����������'�	�#��	������
 �����������

The history of human beings is connected with the S un (The history of human beings is connected with the S un ( DawenkouDawenkou
cultureculture , BC2500?), BC2500?)
~BC2000, ancient Chinese recorded solar eclipse~BC2000, ancient Chinese recorded solar eclipse �Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä �É�É�É�É�É�É�É�É �î�:�î�:�î�:�î�:�î�:�î�:�î�:�î�: ..6¸�U6¸�U6¸�U6¸�U6¸�U6¸�U6¸�U6¸�U �Ê�Ê�Ê�Ê�Ê�Ê�Ê�Ê ��A„EQ�ã�·�Æ��A„EQ�ã�·�Æ��A„EQ�ã�·�Æ��A„EQ�ã�·�Æ��A„EQ�ã�·�Æ��A„EQ�ã�·�Æ��A„EQ�ã�·�Æ��A„EQ�ã�·�Æ
�‹���H,X�‹���H,X�‹���H,X�‹���H,X�‹���H,X�‹���H,X�‹���H,X�‹���H,X �Ô õ�¹N³�Ô õ�¹N³�Ô õ�¹N³�Ô õ�¹N³ �È�È�È�È>•Ax����>•Ax����>•Ax����>•Ax�����Ô õ�¹N³�Ô õ�¹N³�Ô õ�¹N³�Ô õ�¹N³ �È�È�È�È>•Ax����>•Ax����>•Ax����>•Ax���� BC2042BC2042�H�H�H�H�H�H�H�H55�Ü�Ü�Ü�Ü�Ü�Ü�Ü�Ü2828�¹�¹�¹�¹�¹�¹�¹�¹ //�ÔAÈ�ÔAÈ�ÔAÈ�ÔAÈ�ÔAÈ�ÔAÈ�ÔAÈ�ÔAÈBC2128BC2128�H�H�H�H�H�H�H�H1010�Ü�Ü�Ü�Ü�Ü�Ü�Ü�Ü1313�¹�¹�¹�¹�Å�Å�Å�Å�¹�¹�¹�¹�Å�Å�Å�Å ..
~BC400, ancient Greek observed sunspots and then fo rgot in Europ~BC400, ancient Greek observed sunspots and then fo rgot in Europ e until e until 
1609 when Galileo 1609 when Galileo rere--discovered itdiscovered it . . ————400 anniversary of the event400 anniversary of the event �Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö2009 2009 
International Astronomy Year by UN.  The Chinese ch aracter of thInternational Astronomy Year by UN.  The Chinese ch aracter of th e Sun e Sun ““ �¹�¹�¹�¹�¹�¹�¹�¹ ””
evolved fromevolved from ““ �l�l�l�l�l�l�l�l ”” , which may be an indication of observations of the  sunspots., which may be an indication of observations of the  sunspots.
BC28BC28�È�È�È�È�È�È�È�È In In HanshuHanshu ..WuxingzhiWuxingzhi the first written record of sunspotsthe first written record of sunspots �Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä““ �¹�ÎT˜�¹�ÎT˜�¹�ÎT˜�¹�ÎT˜ �È�È�È�È�Ý�Ý�Ý�Ý�¹�ÎT˜�¹�ÎT˜�¹�ÎT˜�¹�ÎT˜ �È�È�È�È�Ý�Ý�Ý�Ý
T¥!è�û�VJ…T¥!è�û�VJ…T¥!è�û�VJ…T¥!è�û�VJ…�È�È�È�È���¹�������¹�������¹�������¹����T¥!è�û�VJ…T¥!è�û�VJ…T¥!è�û�VJ…T¥!è�û�VJ…�È�È�È�È���¹�������¹�������¹�������¹���� ”” �É�É�É�É�É�É�É�É"��:"��:"��:"��:"��:"��:"��:"��: ••�h> �«�h> �«�h> �«�h> �«�h> �«�h> �«�h> �«�h> �« �Ê�Ê�Ê�Ê�Ê�Ê�Ê�Ê �Å�Å�Å�Å�Å�Å�Å�Å..
In 1814In 1814�È�È�È�È�È�È�È�ÈFraunhofer Fraunhofer discovered discovered spectral linesspectral lines in solar spectra.in solar spectra.
In 1842In 1842�È�È�È�È�È�È�È�ÈProminenceProminence was rewas re --discovered in a solar eclipse ( In discovered in a solar eclipse ( In 1239 1239 Russian Russian 
���������	
��������	��	
�	���������	
��������	��	
�	 tongues of flametongues of flame �Å�Å�Å�Å�Å�Å�Å�Å ..
In 1843In 1843�È�È�È�È�È�È�È�ÈSchwabe Schwabe discovered the 11discovered the 11 --year solar cycleyear solar cycle
In 1851In 1851�È�È�È�È�È�È�È�È in another solar eclipse the first corona photograp h was takenin another solar eclipse the first corona photograp h was taken
In 1859In 1859�È�È�È�È�È�È�È�È the first the first solar flaresolar flare was observedwas observed
In 1868In 1868�È�È�È�È�È�È�È�ÈSecchi Secchi found a new element: found a new element: heliumhelium (after (after ““ ������������ ”” ))
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In 1908In 1908�È�È�È�È�È�È�È�ÈHale found Hale found sunspots with strong magnetic fieldsunspots with strong magnetic field ..

In 1930In 1930�È�È�È�È�È�È�È�ÈLyot Lyot invented invented coronagraphcoronagraph to observe the solar corona.to observe the solar corona.

In 1938In 1938�È�È�È�È�È�È�È�ÈBetheBethe proposed Cproposed C --N cycle and pN cycle and p --p reaction chain process so that the p reaction chain process so that the 
source of solar energy is settled.source of solar energy is settled.

In 1957In 1957�È�È�È�È�È�È�È�È first satellite observation of first satellite observation of interplanetary mediainterplanetary media

In the past decades in space era, great advances ha ve been achieIn the past decades in space era, great advances ha ve been achie vedved �Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö

In 1971In 1971�È�È�È�È�È�È�È�ÈOSOOSO--7 first observed 7 first observed coronal mass ejectionscoronal mass ejections ( may have been seen ( may have been seen 
during eclipses in during eclipses in 18601860--1941)1941)

In 1975In 1975�È�È�È�È�È�È�È�ÈDeubnerDeubner ’’ s observation laid solid foundation of the s observation laid solid foundation of the 
HelioseismologyHelioseismology …………

In 1973In 1973--7474�È�È�È�È�È�È�È�È Skylab Skylab first observed soft Xfirst observed soft X --ray coronal loop structuresray coronal loop structures

In 1980In 1980--8989�È�È�È�È�È�È�È�È SMM SMM first observed hard Xfirst observed hard X --ray imaging of the Sunray imaging of the Sun

From 1990From 1990 --�È�È�È�È�È�È�È�È UlyssesUlysses observed solar polar areasobserved solar polar areas

In 1991In 1991--20012001�È�È�È�È�È�È�È�È YohkohYohkoh (Solar(Solar --A) A) observed the Sunobserved the Sun

From 1995From 1995 --�È�È�È�È�È�È�È�È SOHOSOHO observes the Sunobserves the Sun

From 1998From 1998 --�È�È�È�È�È�È�È�È TRACETRACE launchedlaunched ;                     ;                     From 2002From 2002 --�È�È�È�È�È�È�È�È RHESSIRHESSI launchedlaunched

From 2006From 2006 --�È�È�È�È�È�È�È�È HINODE(SolarHINODE(Solar --B) B) launched launched ;   ;   From 2006From 2006 --�È�È�È�È�È�È�È�ÈSTEREO STEREO launchedlaunched

In 2008In 2008�È�È�È�È�È�È�È�È SDO will be launchedSDO will be launched

In 2015In 2015�È�È�È�È�È�È�È�ÈSolar Orbiter will be launched Solar Orbiter will be launched 

…………
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•• Contains 99.9% of all matter in Solar SystemContains 99.9% of all matter in Solar System
•• 4.5 billion years old4.5 billion years old
•• Mass = 1.99 Mass = 1.99 �h�h�h�h�h�h�h�h 101030 30 kgkg
•• Radius RRadius R�l�l�l�l�l�l�l�l =696,000 km = 696 Mm ( =109 R=696,000 km = 696 Mm ( =109 Ree))
•• Density=1.4Density=1.4�h�h�h�h�h�h�h�h 10103 3 kg mkg m--3 3 (1/4 (1/4 Earth densityEarth density) ) 
•• SunSun--Earth Distance=150,000,000 km =215REarth Distance=150,000,000 km =215R�l�l�l�l�l�l�l�l �ä�ä�ä�ä���������ä�ä�ä�ä�������� 1AU1AU�å�å�å�å�å�å�å�å
•• Gravity acceleration at solar surface=274m sGravity acceleration at solar surface=274m s--11 (27 times the (27 times the 

value on the Earth)value on the Earth)
•• Surface escaping speed=618 km sSurface escaping speed=618 km s--11

•• Total radiated power=3.86 Total radiated power=3.86 �h�h�h�h�h�h�h�h 101026  26  WW
•• The surface rotates at different speeds at different locations The surface rotates at different speeds at different locations 

*25.4 days at the equator  *36 days near the pole*25.4 days at the equator  *36 days near the pole
•• Mass loss rate=Mass loss rate=10109 9 kg skg s--1 1 

•• Composition(percentage of total number of atoms) Composition(percentage of total number of atoms) 
*92.1% hydrogen *7.8% helium *0.1% other gases *92.1% hydrogen *7.8% helium *0.1% other gases 
(C,N,O,(C,N,O,……))

 ���	��!����������� ���	��!�����������
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The Sun is a hot fire ball maintained by gravity. W e can only The Sun is a hot fire ball maintained by gravity. W e can only 
see its surface.  What about its interior?  see its surface.  What about its interior?  

The solar internal structure can only be inferred f rom models. The solar internal structure can only be inferred f rom models. 
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Swedish Solar Observatory on La Palma, Spain (lower three), and Swedish Solar Observatory on La Palma, Spain (lower three), and with the with the 
TRACE  (top).         TRACE  (top).         ( Credit: TRACE web( Credit: TRACE web--site)site)

Corona 
(in Extreme-Ultraviolet)

Chromosphere 
(in Hydrogen a)

Chromosphere
(in Ca II K)

Photosphere
(in White Light)
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Three layers in solar atmosphereThree layers in solar atmosphere �Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö
PhotospherePhotosphere radiates most light of the Sun. It is only 5radiates most light of the Sun. It is only 5 0000km thickkm thick �È�È�È�È�È�È�È�Èwith with 

a density of a density of 10102323 mm --3 3 �Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä1 percent of the Earth atmosphere1 percent of the Earth atmosphere �Å�Å�Å�Å�Å�Å�Å�Å

ChromosphereChromosphere is sparser and more transparent than photosphere wi th is sparser and more transparent than photosphere wi th 

25002500km thickness and the density of km thickness and the density of 10101717 mm --3 3 

CoronaCorona �Å�Å�Å�Å�Å�Å�Å�Å is a layer above the is a layer above the chromospherechromosphere that is  even sparser with a that is  even sparser with a 

density of density of 10101515 mm --33. It may extends to the Earth orbit and the beyond.. It may extends to the Earth orbit and the beyond.

One may imagine that the temperature should One may imagine that the temperature should 
decrease as distance goes large.  At first it does so decrease as distance goes large.  At first it does so 
and decreases to the minimum value of and decreases to the minimum value of 42004200K. But K. But 
after that it goes up !  It increases through after that it goes up !  It increases through 
Chromosphere Chromosphere slowly and quickly rises to the slowly and quickly rises to the 
million degrees of million degrees of kelvinkelvin in corona in corona ------ Coronal Coronal 
Heating Problem!Heating Problem!

If you could touch a bottle of coronal gas, you would feel that If you could touch a bottle of coronal gas, you would feel that 
the temperature increases merely less than 1 degreethe temperature increases merely less than 1 degree!?!?————This is This is 
because that the coronal density is so small that the contained because that the coronal density is so small that the contained heat is heat is 
very small !very small !
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Photosphere Photosphere is the top of the convection zone. One can see cont inuous is the top of the convection zone. One can see cont inuous 
changing of the mass.  Appeared as granulation with  a scale of changing of the mass.  Appeared as granulation with  a scale of 0.50.5Mm and life Mm and life 
time of ~15min. time of ~15min. SupergranulationSupergranulation has a scale of ~has a scale of ~ 3030MmMm�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ömass  flows from mass  flows from 
center to the edges with a speed of center to the edges with a speed of 500500m/s, and m/s, and downflows downflows there.there.

60Mm �h�h�h�h 38Mm
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On average, On average, 
every year there is every year there is 
only 1 solar eclipse only 1 solar eclipse 
on Earth, lasting on Earth, lasting 
~2min~2min . . Therefore Therefore 
the invention of the invention of 
coronagraph makes coronagraph makes 
us to observe the us to observe the 
corona at any time. corona at any time. 
The corona The corona 
brightness is only 1 brightness is only 1 
millionth of the millionth of the 
solar disk, similar solar disk, similar 
to that of the Moon. to that of the Moon. 
It is very difficult to It is very difficult to 
observe solar observe solar 
corona!corona!

During solar eclipse one can see weak bright struct ure, or the During solar eclipse one can see weak bright struct ure, or the 
corona with high temperature and low density. At th e bottom the corona with high temperature and low density. At th e bottom the 
magnetic fields are closed and they gradually becom e openmagnetic fields are closed and they gradually becom e open radially  radially  
dragged by the solar wind. dragged by the solar wind. 

eclipse circumstances

(Pasachoff 2007)
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There are several transient phenomenaThere are several transient phenomena �Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö

SunspotsSunspots are dark and cold area with strong magnetic field ( up to are dark and cold area with strong magnetic field ( up to 
3000 3000 G) on solar surface. They appear in pairs and are c onsidered as G) on solar surface. They appear in pairs and are c onsidered as 
the intersections of magnetic flux tubes with the s olar surface.the intersections of magnetic flux tubes with the s olar surface. They They 
often locate at two latitudinal belts of the equato r. The numberoften locate at two latitudinal belts of the equato r. The number
changes with an 11 year periodchanges with an 11 year period �Ä�Ä�Ä�Ä�Ä�Ä�Ä�Äsolar cyclesolar cycle �Å�Å�Å�Å�Å�Å�Å�Å . Sunspots often locate . Sunspots often locate 
in the magnetic field areas with ~in the magnetic field areas with ~ 100 100 G, called G, called active regionactive region , which is , which is 
hotter and brighter than surrounding areas.hotter and brighter than surrounding areas.

���������������������	��	�������������������������� /���())0�!�����������������������	��	�������������������������� /���())0�!��
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ProminenceProminence is formed by dense and cold mass in the corona. It is formed by dense and cold mass in the corona. It 
appears as thin appears as thin filament filament on solar disk. Sunspots may decay in a few on solar disk. Sunspots may decay in a few 
weeks. Instead, prominences may keep increase in mo nths to the weeks. Instead, prominences may keep increase in mo nths to the 
length of length of 10001000Mm. It is the most stable phenomenon on the Sun, wi th  Mm. It is the most stable phenomenon on the Sun, wi th  
a life time up to 9 months.a life time up to 9 months.



��������� �	
��
�
�����	�
�������������� �(

FlaresFlares are quick flashing phenomena in theare quick flashing phenomena in the chromospherechromosphere and the and the 
corona near sunspots, reflecting the sudden energy release and corona near sunspots, reflecting the sudden energy release and 
transport process. transport process. 
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In In 19 19 century it was first observed that the geomagnetic field century it was first observed that the geomagnetic field 
would increase suddenly at ~would increase suddenly at ~ 1010--3 3 G, and decrease graduallyG, and decrease gradually ————
geomagnetic storm.geomagnetic storm. Later people found that geomagnetic storms Later people found that geomagnetic storms 
are closely related to the Sun:are closely related to the Sun: they normally occur 1 or 2 days they normally occur 1 or 2 days 
after the solar flare. Geomagnetic activity has als o 11after the solar flare. Geomagnetic activity has als o 11--year cycle.year cycle.
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Chapman(1929) suggested that geomagnetic storms are caused by Chapman(1929) suggested that geomagnetic storms are caused by 
solar flare plasma with solar flare plasma with 1000 1000 km/s speed passing the vacuum space  km/s speed passing the vacuum space  
(The actual situation is much more complicated but it was a natu(The actual situation is much more complicated but it was a natural ral 
causal relation then). causal relation then). BiermannBiermann(1951) suggested that the continuous (1951) suggested that the continuous 
solar solar micronesmicronescause comet tails away from the Sun. These results cause comet tails away from the Sun. These results 
were not attracted attention then due to various reasons. were not attracted attention then due to various reasons. 

ChapmannChapmann�Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä19571957�Å�Å�Å�Å�Å�Å�Å�Åproposed a static coronal energy proposed a static coronal energy 
transport by conductive heatingtransport by conductive heating�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖHow far does corona extend?How far does corona extend?
For a steady and spherical symmetry heat conduction problem, For a steady and spherical symmetry heat conduction problem, 
the total heat should be constant passing through each closed the total heat should be constant passing through each closed 
spherical surface. spherical surface. 

�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7�$�V�V�X�P�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���6�X�Q���7��������������������������������� ���0�.�����D�W��� ���0�.�����D�W��� ���0�.�����D�W��� ���0�.�����D�W��� ���0�.�����D�W��� ���0�.�����D�W��� ���0�.�����D�W��� ���0�.�����D�W��
�U�U�U�U�U�U�U�U����������������� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��� �����������0�P�����7�K�H���W�H�P�S�H�U�D�W�X�U�H���D�W���W�K�H���(�D�U�W�K��
���U� ���������U� ���������U� ���������U� ���������U� ���������U� ���������U� ���������U� ������́́´́́́́́ �������������������������������������������������0�P�����L�V���D�E�R�X�W���0�P�����L�V���D�E�R�X�W���0�P�����L�V���D�E�R�X�W���0�P�����L�V���D�E�R�X�W���0�P�����L�V���D�E�R�X�W���0�P�����L�V���D�E�R�X�W���0�P�����L�V���D�E�R�X�W���0�P�����L�V���D�E�R�X�W������������������ ´́́́́́́́ �������������������������������������������������.�����,�W���P�H�D�Q�V���W�K�H���.�����,�W���P�H�D�Q�V���W�K�H���.�����,�W���P�H�D�Q�V���W�K�H���.�����,�W���P�H�D�Q�V���W�K�H���.�����,�W���P�H�D�Q�V���W�K�H���.�����,�W���P�H�D�Q�V���W�K�H���.�����,�W���P�H�D�Q�V���W�K�H���.�����,�W���P�H�D�Q�V���W�K�H��
�F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V���F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V���F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V���F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V���F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V���F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V���F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V���F�R�U�R�Q�D���L�V���Q�R�W���F�R�Q�I�L�Q�H�G���Q�H�D�U���W�K�H���6�X�Q���E�X�W���H�[�W�H�Q�G�V��
�W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K���W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K���W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K���W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K���W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K���W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K���W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K���W�R���W�K�H���(�D�U�W�K���D�Q�G���W�K�H���E�H�\�R�Q�G�����7�K�H�U�H�I�R�U�H���W�K�H���(�D�U�W�K��
�L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���Q�R�W���L�Q���Y�D�F�X�X�P���E�X�W���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D���L�V���E�D�W�K�H�G���E�\���W�K�H���K�R�W���S�O�D�V�P�D��
�7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q���7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q���7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q���7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q���7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q���7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q���7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q���7�K�L�V���S�U�H�G�L�F�W�L�R�Q���V�K�R�F�N�H�G���S�H�R�S�O�H���W�K�H�Q��
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ParkerParker �Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä19581958�Å�Å�Å�Å�Å�Å�Å�Åsuggested that corona is not suggested that corona is not 
in static state but expanding for there is no in static state but expanding for there is no ““ lidlid ”” at at 
infinity to keep a certain pressureinfinity to keep a certain pressure �Ä�Ä�Ä�Ä�Ä�Ä�Ä�Ä p¥¥¥¥ �Å�Å�Å�Å�Å�Å�Å�Å .  He .  He 
named it as named it as solar windsolar wind , and found a solution that , and found a solution that 
has zero pressure at infinity. This result was, has zero pressure at infinity. This result was, 
however, not recognized at that time but instead however, not recognized at that time but instead 
caused controversialcaused controversial ..
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( Credit: TRACE web( Credit: TRACE web--site)site)

Those loop or Those loop or 
threadthread--like like 
structures are structures are 
believed to believed to 
resemble the resemble the 
coronal coronal 
magnetic field. magnetic field. 
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Corona mass ejectionCorona mass ejection (CME) was first observed in 1970s. Now it is (CME) was first observed in 1970s. Now it is 
recognized as the main cause for catastrophic space  weathers.recognized as the main cause for catastrophic space  weathers.
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���������������� �)�H�E�����)�H�E�����)�H�E�����)�H�E�������������������������������J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���1�R�U�W�K���$�W�O�D�Q�W�L�F���7�H�O�H�J�U�D�S�K���F�D�E�O�H�������������������J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���1�R�U�W�K���$�W�O�D�Q�W�L�F���7�H�O�H�J�U�D�S�K���F�D�E�O�H�������������������J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���1�R�U�W�K���$�W�O�D�Q�W�L�F���7�H�O�H�J�U�D�S�K���F�D�E�O�H�������������������J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���1�R�U�W�K���$�W�O�D�Q�W�L�F���7�H�O�H�J�U�D�S�K���F�D�E�O�H�V���V���V���V��

�L�Q�W�H�U�U�X�S�W�H�G�����1�R���S�R�Z�H�U���L�Q���7�R�U�R�Q�W�R���D�U�H�D�L�Q�W�H�U�U�X�S�W�H�G�����1�R���S�R�Z�H�U���L�Q���7�R�U�R�Q�W�R���D�U�H�D�L�Q�W�H�U�U�X�S�W�H�G�����1�R���S�R�Z�H�U���L�Q���7�R�U�R�Q�W�R���D�U�H�D�L�Q�W�H�U�U�X�S�W�H�G�����1�R���S�R�Z�H�U���L�Q���7�R�U�R�Q�W�R���D�U�H�D
���������������� �$�X�J���������������������V�W�U�R�Q�J���J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���S�R�Z�H�U���F�D�E�O�H�V���L�Q�W�H�U�U�$�X�J���������������������V�W�U�R�Q�J���J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���S�R�Z�H�U���F�D�E�O�H�V���L�Q�W�H�U�U�$�X�J���������������������V�W�U�R�Q�J���J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���S�R�Z�H�U���F�D�E�O�H�V���L�Q�W�H�U�U�$�X�J���������������������V�W�U�R�Q�J���J�H�R�P�D�J�Q�H�W�L�F���V�W�R�U�P���F�D�X�V�H�G���S�R�Z�H�U���F�D�E�O�H�V���L�Q�W�H�U�U�X�S�W�H�G���D�Q�G���X�S�W�H�G���D�Q�G���X�S�W�H�G���D�Q�G���X�S�W�H�G���D�Q�G��
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Imaging of far-
side solar 
activity allow 
anticipation of 
the appearance 
of large active 
regions more 
than a week 
ahead of their 
arrival on the 
east solar limb
(Lindsey & 
Braun 2000) 



��������� �	
��
�
�����	�
�������������� �%

$������	���������
�	��������������$������	���������
�	��������������

�����	��������������	������	��������������	�
����������������
�����
�����������������
�����
�
��
���	����������������������
���	��������������������
����!��'��
���
�	��������!��'��
���
�	����

�	���������	����������������	���������	���������������
�������������
��
�������������������
��
������
3!�������6�!��'��������3!�������6�!��'��������
	�
�����!����	������	�����	�
�����!����	������	�����
	������	������
������
�	������	������
������
�
����������������������������

?��������������������	�
�����?��������������������	�
�����
���������
���������!��'����������
���������!��'�
��������������?�����������������������?���������
����
���������������	�!�������
���������������	�!���
����
�
�����	�3����	6���������
�
�����	�3����	6�����
������������������!��������������������!��
���	�
�������	�
����

( Credit: SOHO/MDI web( Credit: SOHO/MDI web --site)site)
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