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Mount Wilson Sunspot Magnetic Classification

alpha: A unipolar sunspot group.
beta: A sunspot group having both positive and negative magnetic polarities
(bipolar), with a simple and distinct division between the polarities.
gamma: A complex active region in which the positive and negative polarities
are so irregularly distributed as to prevent classification as a bipolar
group.
beta-gamma: A sunspot group that is bipolar but which is sufficiently
complex that no single, continuous line can be drawn between
spots of opposite polarities.
delta: A qualifier to magnetic classes(see below) indicating that umbrae
separated by less than 2 degrees within one penumbra have opposite
polarity.
beta-delta: A sunspot group of general beta magnetic classification but
containing one (or more) delta spot(s).
beta-gamma-delta: A sunspot group of beta-gamma magnetic classification
but containing one (or more) delta spot(s).
gamma-delta: A sunspot group of gamma magnetic classification but
containing one (or more) delta spot(s).

http://www.spaceweather.com/glossary/magneticclasses.html
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SDO HMI Magnetogram 6—Sep—2017 18:46:41.700
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Joy’s Law
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http://solarscience.msfc.nasa.gov/images/ joys_law.jpg
http://www.e-huh.com/chapter7%207 %20the%20sun/chapter %207 %20a%20new %20model %200f %20the%20sun_files/image004.jpg



Hale's Polarity Law

Rotation

http://www.lcsd.gov.hk/CE/Museum/Space/EducationRes
ource/Universe/framed_e/lecture/ch11/chll.html
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Hale's Polarity Law

Magnetic Butterfly Diagram
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Hale's Polarity Law

LONGITUDINALLY AVERAGED MAGNETIC FIELD (MODIFIED)

.';‘wl. . _ e e G . B 4 @ a8 ——

r ad 1P
£? 7 .
O

J,'A&;{;(N

N

st ¥

5 ‘:t;l' ;- ‘P
1
e
-

1588

1990
DATE

NASANS STCMathaway 2003/10

11 Years 11 Years

22 Years

http://www.e-huh.com/chapter%207 %20the7%20sun/chapter%207 %20a%20new%20model %200f %20the %20sun_files/image004.jpg



L =N
=
£ 5333
= =1 e w -]
E W maz @
L L L= (] =t
o o owee o ]

————-Reversal
gN min

- —
s SO AKX

92 v0 L10E
82018102
LO'G09L0Z
01 SL0E
L0°G0°5102

&

L — L L — L —
O OO O
o
—
[
o

80’
zh
el

Lk
gL’

a4
pe’
8’
62'11°0L0Z
20'90°0102

p0'Z} 6002

£0'90'6002

60'7}'8002

21808002

GL'Z} 2002

8l'90' 2002

02'Z}'8002

£2'90'9002

GZ 7} 5002

82'90'5G00Z

07} ¥00Z

£0'20' 7002

G0'10'P00Z

6020002

0}'10°€002

7l 202002

61102002

6'20' 1002

02'10'100Z

pZ 200002

92100002

0E'/0'B66

1€ 10666

v0'80'866

50'Z0'866 |

60'80' 266/

0120 661

780966

9170 966

0Z'80'G66

12 20 566

G2 80 P66

92 70 p6

0E'80'£66/

£0'€0'E66)
p0'60 Z66

80 €0 Z66

0}'60° 166

................................ 1 pL'e0 166l

Gl 60 066

61 '€0'066 )

02 60 6861

pZ €0'686)

GZ 60886

62 €086}

100} 861

p0'v0 2861

90'0} 9861

60 70 9861

bh'0) GE6)

vl v0 G861

910} va6)

6l v0 ra6)

2z 0l ea6)

52 v0'£96 )

420} 2961

0E 70 2861

VO'bL 6]

G0'G0' 1861

i

............................................ —— L L T L T T T T T T g 50°

............................................................................... Vs Zh 116261

9 'G0'6.6)

2111 8.6l

12'G0'B.6)

2z L) L6l

92 /G0 L6

L2} 96!

i
Solar Polar Field Strength (20nHz LPF)

(solen.info)
Data source: http://wso.stanford.edu

Unit: microTesla

235

vcle

r html

1

w.solen.info/solar/polarfields/pola

1

Solar Polar Fields
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The northern polar field reversed in June 2012 while the southern polar' field
reversed in July 2013. During the previous similar polarity reversal in 1989-1991

the northern polar field reversed 14 months prior to the southern polar field

reversal, very similar to the situation during cycle 24."
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Solar DynGmO-——Babcock Model
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http://gb.weather.gov.hk/education/edu05spacewx/ele_babcock_c.htm



()-effect

poloidal field - toloidal field
due to the differential rotation

http://solarscience.msfc.nasa.gov/dynamo.shtml



twisting of magnetic field lines due to the rising magnetic flux
tube from the deep

http://solarscience.msfc.nasa.gov/dynamo.shtml



— THGRHCE Omega Effect

Field Lines

2009 W.T. Ball
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Magnetic Buoyancy

http://astro.ic.ac.uk/research/solar-basics



Bz % * (magnetic buoyancy force)
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Magnetic fields
trap gas.
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i’]': }%] F};j’%‘ --- line-of-sight magnetogram

MDI Magnetogram: 2003.10.29_12:51

Plot Made 31-0ct-2007




Zeeman Effect

[

Photospheric magnetic measurement is based on Zeeman effect: the
splitting of a spectral line because of the presence of magnetic field.



Zeeman Effect

. Spectra ::_3' : 3 =2
No magnetic field Magnetic field

Al =47 x 1013 ),2 gB

Ag: original wavelength
g: Lande factor, e.g., FeI 61734 (g=2.5)
B: magnetic field strength

http://www.sr.bham.ac.uk/xmm/fmc2.html
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TT( % i%‘ --- vector magnetogram

2006-12-09 22:00:05

http://science.nasa.gov/media/medialibrary/2007/04/24/24apr_hubble4sun_resources/hurricane_huge.gif



Expect:

sunspots

solar activity total solar irradiance

brightness

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

Why?



Faculae

8, 2001

http://svs.gsfc.nasa.gov/vis/a000C 00/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

Wm™?

rotation carries large sunspots onto
the face of the Sun visible at the
Earth, short-term sunspot dimming
can exceed facular brightening by as

much as a factor of 5."
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> Sunspots are areas where the Sun's concentrated magnetic
field deflects hot material flowing upward from the interior
producing a cooler region.

~>Faculae form where the magnetic field concentrates hot
material flowing from the interior producing a hot spot.

~>Faculae always form in areas surrounding sunspots. Faculae
sometimes form along the boundaries between granules.

~>Faculae are small-scale magnetic fluxes ranging from 0.1" to
1~2H.

- The number of bright solar faculae are directly related to
sunspot activity.

- The chromospheric counterpart of a facular region is called
a plage.

https://suitel01.com/a/solar-faculae-a62789 http://www.isf.astro.su.se/highlights/faculae-explained/
http://lasp.colorado.edu/sorce/news/2004ScienceMeeting/ SORCE %20WORKSHOP%202004/SESSION_3/3_6_Berger.pdf



The chromospheric counterpart of a facular region
is called a plage.
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- Filaments

Sunspots

http://www.atscope.com.au/coronado/sunfeature.jpg
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streamer
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= Streamer

—~>a stable large-scale structure
in the outer corona

—~>extending away from the Sun
along the radial direction

—>open magnetic field lines with
opposite polarity

—>current sheet in between

—>associated with the
heliospheric current sheet




