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The Solar Dynamics Observatory (http://sdo.gsfc.nasa.gov/)
HMI (Helioseismic and Magnetic Imager)
AIA (Atmospheric Imaging Assembly)
EVE (Extreme Ultraviolet Variability Experiment)
Sun news: http://www.spaceweather.com/
Spotless days: 2013 0 days; 2012 0 days, 2011 2 days (<1%); 2010 51 days
(14%); 2009 260 days (71%); Since 2004: 821 days; Typical Solar Min: 486 days.
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HMI colored HMI Magnetogram EVE Soft X-Ray C2
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http://sohowww.nascom.nasa.gov/

http://stereo.gsfc.nasa.gov/
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http //sdo gsfc nasa. gov/

sDO | Solar Dynamics Observatory

SDO's AlA has twice the image resolution of STEREO and 4 times greater imaging resolution than SOHO. SDO takes 1
image every second; STEREO takes 1 image every 3 minutes and SOHO takes 1 image every 12 minutes.

SOHO/EIT STEREGQ/SECCH
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McMath-Pierce 1.6m Solar Telescope
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http://www.solarphysics.kva.se/NatureNov2002/telescope_eng.html
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Swedish 1-m Solar Telescope

http://www.noao.edu/outreach/kptour/mcmath.html
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{EEHHER (HEH 77ED) G (73%) ~ % (25%) ~ /8 (2%)

{EEREHRR (JF % H) & (92.1%) ~ % (7.9%) ~ /% (0.1%)
HER e EERE (RICEEAL : AU)  1.00 (1.496 * 108 km)
BRA () 0.53
HIEMHA (&) 0.773
HEAER (X) 25 ~35
FR (Rypzp ) 109.1 (6.96 * 105km)
BE (kg) 1.989 * 10%°(332,946 M,,)
ZLEE (g/cmd) 151.3
SRR E (g/em3) 1.409
Z R (K) 15,557,000
HIRERE (K) 5,780
H &8 (K) 2,000,000 - 3,000,000
*HBE-Bif Ta Z0 ST (bars) 2.334* 10"
*m o FeERIEEE ST (bars) 0,0001
BB (km/s) 617.7
ABER PR LR Ry HERE (Js 5 BL) 3.826 * 1026
M EAIHE LR o p e A G2V
HESE - 26.74
Setape 4.83

Fe (7.9 g/lcm3) ; Pt (21.4 g/lcm3)
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23.7% -

(X W100#+ & 7 & 51,986.47% %)

TR KR

http://www.taipower.com.tw/left_bar/jing_ying_ji_xiao/year production.htm
SR E G i R 92,000 % B =2 X101 § )
= 2 x10M1x10° x60 x60=7.2x10*7 joule

CHE ek B % 3.90x10%60/s 0 4 R B 1B F A48 TR Mo B
TR o8 3.90x10%6/7. 2><10 =5.4x108 #
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Energy Flux

W F = 1360 J/m?/s

F = Energy Flux =

= Energy received in the form of radiation, per
unit time and per unit surface area [J/s/m?]

& L3 0=k B (<40%) F 3 it ~5000/s(Watt)
>BL A 5B 100W e e
S>E ) EFICEO0SE(F X ) B)eE o


http://www.windows2universe.org/sun/images/sunspots_big_jpg_image.html�
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FH ] 25% R,
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% & 1 150 - 20 g/cm?®

# & # % 1 668,000,000 =¢/F;
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i & (convective zone)

Thermonuclear %; Bl - >70% R,
energy core
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Canada Japan $ 71493 m
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Photospheric granulation, G. Scharmer Distance in units of
Swedish Vacuum Solar Telescope 1000 alometers
10 July 1997
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0.90
0.80
0.70
0.60
0.50

0.60
1.2
2.3
3.1
4.9

0.009
0.035
0.12
0.40

0.999
0,996
0.990
0.97
0.92
0.82
0.63
0.34
0.073
0.000

Convective zone

Radiative zone

Seeds
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In this narrow transition region between
the chromosphere and corona, the temperature
rises abruptly by about a factor of 100.
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Heliosphere
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Heliosheath
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* %2 (umbra)
(~4300 K> ¢ # is F 3 596000 K< > gl 5
+E 24 30% flux form normal surface)
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Swedish Solar Telescope
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Hale’s Polarity Law:

The polarity of the leading spots in one hemisphere
is opposite that of the leading spots in the other hemisphere
and the polarities reverse from one cycle to the next.
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= 1% & -] #F (The Maunder Minimum)
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few spots colder
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Winter severity in
London and Paris

Warmer
winters

/\

1800 1850 1900 1950 2000
Year

Historical data indicate a very quiet phase of the
sun, ~ 1650 — 1700: The Maunder Minimum


http://en.wikipedia.org/wiki/Space_weather�
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G+ 4#2  The Solar Wind (K5 [E)
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particles

The sun is constantly losing mass:
107 tons/year

(= 10-1% of its mass per year)


http://en.wikipedia.org/wiki/Hydro-Qu%C3%A9bec�

G>+2#2  Coronal Holes (P k)
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These arise at
the foot points of
open field lines
and are the
origin of the
solar wind.

Coronal hole
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N Eruptive Prominences
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Extreme events (solar flares & & P %3) can significantly
iInfluence Earth’ s magnetic field structure and cause
northern lights (aurora borealis).

( Far-UV image

Earth shown
for slze comparison

The gas in prominences
may be 60,000 to 80,000 K, J

quite cold compared With
the low-density gas inithe
corona, which may be as
hot as a million Kelvir;* :

SOHD, EIT, ESA and NASA

(Ultraviolet images)


http://en.wikipedia.org/wiki/Geomagnetically_induced_current�

nicknamed the Bastille Day event.

NGO L p

Physics Dept.. NCKU The classification of X-ray solar flare
nicknamed the
Bastille Day event.
Peak (W/m?)between 1 and 8
Class
Angstroms
-6
B | < 10
6 < = -5
C 10°<=1<10
5 < = -4
M 10°<=1<10
— 10-4
N | >=10

http://WWW.Spaceweather.com/glossary/flareclasses.html?PHPS
ESSID=rjk5gv9uh8h49758f4j338nkj5


http://science.nasa.gov/headlines/y2000/ast14jul_2m.htm�
http://science.nasa.gov/headlines/y2000/ast14jul_2m.htm�
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S
2000/,02/27 01:54 - 02/27 07:42

HELD LA P RS RHT R R P ERF TR A
ST REL ERFEF VERFEE L e P RPFRHTEF L IS 0 £ F
&3 m/r'&ei%.f_}im %H-l‘ v = [E ﬁ/r&g (‘1 + ﬁ ;;) ﬁ ’#"? 4P gy %ﬁ’:}?’c’?ﬁj‘ (Coronal
mass ejections, CMES) o {&-| #f p¥ > & i¥ JEW |3]- xCME - &&=+ HpF > & % ¥
BLP 3]2-3=x CME -
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3. The upper helix or “coil”” of
d magnetic field can break loose,
carrying material with it into space.

1. If magnetic field loops 2. ... the field lines of

begin to pinch together... adjacent loops can
reconnect, causing a
release of energy.

Sun’s surface

Before magnetic reconnection After magnetic reconnection

wm Figure 16-25 Magnetic Arches and Magnetic
Reconnection
(b) When the magnetic fields in these loops change their
arrangement, a tremendous amount of energy is
released and solar material can be ejected upward.
(TRACE; and NASA)


簡報者
簡報註解
Figure 16-25 Magnetic Arches and Magnetic Reconnection 
(b) When the magnetic fields in these loops change their arrangement, a tremendous amount of energy is
released and solar material can be ejected upward. (TRACE; and NASA)
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New Reconnected
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Large Coronal
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Inflowing
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Hot Flare
Loop

New Reconnected
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The flare model Magnetic reconnection
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Magnetotail

Deflected solar ‘
wind particles

__Incoming solar

-~ wind particles
Polar cusp - Plasma sheet

Neutral sheet

Earth's atmosphere
0-100km

Bow shock
Magnetosheath
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N/A polar airline During high solar activity, polar flights are often diverted to lower latitudes to
routes prevent loss of radio communications and avoid the increasing human exposure.
Such flight diversions can cost airlines as much as $100,000 per flight for additional
fuel, extra flight crews, and additional landings to refuel.

28 Oct 2003 | Mars Odyssey Martian radiation environment experiment (MARIE) stops working properly due to
energetic charged particles, including galactic cosmic rays and particles emitted by
the Sun in coronal mass ejections.

21 Apr 2002 | Genesis Star tracker blinded 4 times during solar storm (high energy protons)

21 Apr 2002 | Nozomi (Hope) While approaching Earth for a gravity assist maneuver,, it was hit by a solar storm
(late by 3 years already); loss of most communications, one instrument damaged;
On 9 December 2003, the spacecraft was after a failed orbital insertion burn.

15 Jul 2000 | ASCA (Astro-D) | Satellite started spinning during high solar activity. Safe mode. Declared total loss
later

19 May 1998 | Galaxy IV It may been rendered inoperable from space weather effects

11 Jan 1997 | Telstar 401 Zapped by a CME ; total loss; 200 million dollars satellite with a mission life of 12
years that ended within 8 years.

20 January Anik E1 & E2 Knocked out by the same space weather event; Anik E1 and Intelsat K re-covered

1994 and Intelsat K after a few hours, Anik E2 was permanently damaged.
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GSU Transformer Failures with a 3-Year Shift
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B pIERSTEELF Y 2 (Magnetic Cloud) »
#mIZIwn* e 4275 - B R (Shock Wave)

Figure 1. Idealized view of a magnetic cloud with a relaxed force-
free field, given by Lundquist [1950].
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Physies Dept., NCKU (the Carrington Event;+ tk#g ¥ i+)

=1 September 1859, Carrington and Richard Hodgson, 4 %] gL 3] - B f&d P
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Fig. 3 Top curve is the cosmic-ray flux from the neutron monitor in Climax, Colorado (1953 - 1996).
Middle curve is annual mean variation in cosmic-ray flux as measured by ionization chambers (1937 -
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

September 2, 1859, disruption of telegraph service.

miF R, &%

FRZEXRR, HEXEEFEHRAIIX

RS, GiFix, S EEERERFIRKEBRLIK,

HOFEREIRFAR. KERIEES

R ERSY, B

LgnERtEE =R DM, EmoiE EBatEET

R EE IR B,

S HTEE, FABOF BRI & 58 -

=)

PAERIRA B EZURE B R


http://en.wikipedia.org/wiki/Space_weather�
http://en.wikipedia.org/wiki/Aurora_(astronomy)%23Auroral_events_of_historical_significance�

Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

« The best-known example of space weather events is the
collapse of the Hydro-Québec power network on March 13, 1989
due to geomagnetically induced currents. This was started by a
transformer failure, which led to a general blackout, which
lasted more than 9 hours and affected 6 million people. The
geomagnetic storm causing this event was itself the result of a
Coronal Mass Ejection, ejected from the Sun on March 9, 1989,
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

« A geomagnetic storm on January 20, 1994 temporarily knocked
out two Canadian communications satellites, Aniks E1 and E2
and the international communication satellite Intelsat K.

« A Coronal Mass Ejection on January 7, 1997 hit the Earth’s
magnetosphere on January 10 and caused the loss of the AT&T
Telstar 401 communication satellite (a $200 million value).
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

Transpolar routes flown by airplanes are particularly sensitive to
space weather, in part because of Federal Aviation Regulations

requiring reliable communication over the entire flight. It is
estimated to cost about $100,000 each time such a flight is

diverted from a polar route. Nine airlines are currently operating

polar routes. Receiver Autonomous Integrity Monitoring

technology can help planes get accurate GPS signals even when

some satellite signals are experiencing interference.
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

« No large Solar Energetic Particles events have happened during
a manned mission. However, such a large event happened on
August 7, 1972, between the Apollo 16 and Apollo 17 lunar
missions. The dose of particles which would have hit an
astronaut outside of earth’s protective magnetic field, had this
event happened during one of these missions, would have been
deadly or at least life-threatening.
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Examples of space weather events

http://en.wikipedia.org/wiki/Space weather

Nozomi Mars Probe was hit by a large Solar Energetic Particles

event on April 21, 2002, which caused large-scale failure. The
mission, which was already about 3 years behind schedule, was
eventually abandoned in December 2003.
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