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Magnetic Bu‘r‘rerfly Diagram
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Solar Dynamo---Babcock Model
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THE SOLAR CYCLE

How the Sun uses a 'conveyor belt" of plasma to recycle sunspots
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Days of Spotless Sunspot

Top 25 of years with most number of spotless days since 1849
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Maunder Minimum (1645-1715)
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rradiance

In reality:

The total solar irradiance (TSI) by ~0.1%
at sunspot maximum.

Why?



Faculae

http://svs.gsfc.nasa.qov/vis/a000000/a002600/a002644/
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“There is an overall increase in total
solar irradiance during the solar cycle
because enhanced emission in bright
faculae more than offsets (by a
factor of ~2) the decreased emission
in sunspots. However, when solar
rotation carries large sunspots onto

the face of the Sun visible at the .
Earth, short-term sunspot dimming 1360
can exceed facular brightening by as ~ § **|
much as a factor of 5." ol g, .
Facular . 1356 i Lt ki
Brightening b 2003, ?Cl 2003.75 200380 2003.85 2003.90

L

"
g‘

e \ sunspots dominate
faculae during solar e
rotation but... JT\V -
faculae dominate e.f)’
sunspots 3
during 11-year a T
solar cycle >
ta.ﬁOEGE spacer;raﬂ
Sl meas em ar

16 JUNGG 7 25 FEBIOR P = 3‘.*”'

‘%&

http: //www earthzine.org/2008/08/28/changing-sun-changing-earth/ e
—

E
=

*I“

-\-




2> ¢ Ik R (Chromosphere)

E & %2000 km > B RS B 4en 2 (B F3 878 RK)-
A &% 5P E(prominence)/ s X (filament) - 42 F k- ke
% (super-granulation) - 44}k k= i(spicule) -

http://sdo.gsfc.nasa.gov/gallery/main.php
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http://www.bbso.njit.edu/Research/FDHA/




ATA 3044 2015/02/09 20:57:07 UT

https://helioviewer.org/
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Solar Maximum
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Solar Explosions

1970's -now: X-Ray Disk Observing
-No! Flares are coronal explosions

19th Century: Visual Disk Observing
-Flares are photospheric explosions

215t Century: Full Sun Observing (almost)
-Both are magnetic field explosions

/

Mid-20t Century: H-alpha Disk Observing
-No! Flares are chromospheric explosions

1980's -now: Visual Coronal Observing
-No! CMEs are the real explosions

Angelos Vourlidas in 2008 Solar Cycle 24 Workshop



* & P Y5 (solar flare)
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Relative Radiation Flux

Time (minutes)

http://www.swpc.noaa.gov/Data/index.html

100-500 MHz Radio | X
(Type IIl Bursts) CUES Aray Flux (5 minute data) Begin: 2006 Dec 12 0000 UTC
L1 = R S =
Microwave Radio (~3000 | s - X-class Flare ]
-3 / \
=aemH 10~ e s = 5 o« =
: g ; N dre o
Ha (656.2 nm) _al - - 1 97
WE = = g oo
. - - - EP
EUN (1-103 nm) 'E 5| B B - o
10 = 5 5 [P
/’L/\ @ = = = o B
= E N : I : LR
= 1D_EE - | = N
, = E = Ih‘M <
Soft X-rays 1 - - \W § B -
1D_? x S N E T
= = L
}N X-rays (10-30 keV/ f\ - Ja = S
_5 | Ll
L Ve E =
Hard X-rays t 30 keV R &
S Dec 12 Dec 13 Dec 14 Dec 15
Universal Tims
Updated 2006 Dec 14 2Z:58:07 UTC NOAA/SEC Boulder, CO USA
Electrons (Protons) § 40 kEV
. net Gradual Phase =
Impulsive Phase
Fracursor
0 g 1 15 20 25 30



3§ g e

(coronal mass ejection; CME)
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Image Credit: L. J. Lanzerotti, Bell Laboratories,
Lucent Technologies, Inc.
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SOLAR WIND
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Parker Spiral
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