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Sunspotg First observations

AChina The Recording of Sunspot Phenomena Originated In Astrology

We do not know when sunspot phenomena were first recorded in China.
A 2 2 ‘1 2 F / K | Y' = S ~ By 800 B.C. such records were reflected in “Feng $ ,” hexagram 55 of
) ' the Book of Changes (Zhou yi Jf| 5 ). “Dipper seen in the sun™ (lines
A 8 OO BC 2 and 4) and “dark spots seen in the sun” (line 3) refer to sunspot phe-
nomena. Since lines 2 and 4 end in “auspicious,” and line 3 in “no mis-

fortune,” there is no doubt that the goal of this text is divinatory.?
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Sunspotg First observations

AChina

ABook of Changes
A800 BC

AFirst drawing

A John of Worcester
A8 Dec 1128

AFirst telescopic drawing

AThomas Harriot
A8 Dec 1610

AFirst publication

A Johannes Fabricius
' A13 June 1611
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Sunspotg First observations

AGalileo Galilei
AOldest drawing: 12 Feb 1612

AMain discoveries on sunspots:

A On the Sun (not satellites)
A The Sun is NOT perfect!

A Rotate with the Sun (+1 month)
A Can reappear

A Sunspots change shape

pa il

2 June; 8 July 1613




Sunspotg First observations

AGalileo Galilei

AOldest drawing: 12 Feb 1612

AMain discoveries on sunspots:

A On the Sun (not satellites)
A The Sun is NOT perfect!

A Rotate with the Sun (+1 month)

A Can reappear
A Sunspots change shape

AChristophScheiner
ARosaJrsinasivesol

AMain discoveries:

A Solar axis is inclined
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Sunspotg Howto observe

Nakedeye ¢ Eclipseglas
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RoyalObservatoryof Belgium / SIDC / SILSO



Sunspotg Howto observe

Largestsolartelescopec DKIST (4m) Largestresolutionimages (30 km)
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Sunspotg Structureandcreation

Structure umbraand penumbra Creation magneticdisturbanceat the
surfaceof the Sun

penumbra

granulation
photosphere

Credits SOHO/MD https://soho.nascom.nasa.gov/gallery/images/sunspotmdib.html



https://soho.nascom.nasa.gov/gallery/images/sunspotmdib.html
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Sunspotg Propert

Magneticfield strength

Temperature
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SDO HMI (6173 A) 31—-Mar—2020 18:46:37.500

Sunspots Location

AQuadrants

ASolarrotation
A +/- 27 days(apparent)
A Carringtonrotation
A +/-13° perday
A Differentialrotation
A Polesrotate slowerthan equator

APosition
A Latitude
A CentralMeridian Distance({CMD)
A Example
A N28E52
A Within a group, sunspotscan

’ dwanderé
P-C W SolarMonitor.org

CentralMeridian




Sunspogroups

Firstphotographof the Sung Fizeau& Photographof the Carringtongroupé
Foucault(2 April 1845) Warren de la&Rueon 31 AugusandO
September 1859
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Cliver& Keer 2012

Credits ESA

Usoskinet al. 2023




Sunspogroupsg Solar dynamo

Solar dynamo —
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Sunspot groupsBipoIar

HMI B173 A 13—Jan—2024 19:46:29.700 HM Mognetogrqm 13—-Jan—2024 1&: 58 29.700

¥y
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SQIorMoniTof.org

Most sunspotgroupsare bipolar DuringSC2425: 33%unipolar; 67%bipolar
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Sunspogroupsc Evolution(birth)

HMI continuurg 2013-04-18T18:15:34.500
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Sunspogroupsc Evolution(decay

HMI 6173 A 26—Nov—2020 19:46:31.300 HMI 6173 A 23-Dec—2020 19:34:29.700 HMI 6173 A 19—Jan—2021 11:22:30.100
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Sunspogroups- Numbering

SDO HMI (6173 A) 24—Feb—2024 19:46:32.700

AGreenwich (RGO)
A 18741976

ANOAA/USAF
A 1972present | 19880

S

A Currently at 13615
A Returninggroupsget newnumber

ACatania
A0 =>099
A Start over

AAll data (1874present) at
A SolarCycleScience

A http://solarcyclescience.com/activeregions.html

&

Solorl\/loni’ror.or


http://solarcyclescience.com/activeregions.html

Sunspogroupsc Sunspotarea

AOELINBAEASR AY da
AMillionths of asolarHemisphere
AArea., .= 167 MH

ASeveramethodologies

ADifferencedetween |
Observatories

ARGO = 1.4 x NOAA

ASunspoigroups
ATypical ~ 170 MH
ALargesbn 8 April 1947

A Greenwich 1488603

23 October 2014

A 6320 MH




Sunspogroupsc Sunspotarea

Kanzelhohe8 April 1947 SDO/HMI, 2®ctober2003 b



Sunspotgroupsa ¢ KSe | ga oM
ALeadingspots tend to have larger MF
than trailing spots - 13372
A Form earlier, last longer ‘i
ATheleadingspot isusuallymore BN ,
inclinedtov%al?dsthe sola%/equator LW .

thanthe trailingone
A Effectbecomesnore pronouncedwith
increasing I U A tivazBa&Eaw o

A Leadingandtrailing sunspotsusually
haveoppositemagneticpolarities

A Oppositebetween solar hemispheres

Space Westher Educetion Center



Sunspot groupsClassifications

ATwo classification schemes
AWhite light

A Mcintosh classification
A Based on the sunspot group morphology

AMagnetogram
A Mount Wilson classification
A Based on the magnetic structure of a sunspot group

A5 SGFAf SR RA&Odza & A 25WxdassiRRcat®rEpage LI S

Ahttps://www.stce.be/educational/classification

o . o


https://www.stce.be/educational/classification

Sunspot groupsThe Mclntosh classification

ADeveloped by P. MclIntosh in the late 1960s, published in 1990

A3 componentsZpc
AZc zZirich modified : general outlook of the sunspot group
A 7 possibilities
Ap ¢ Penumbra; outlook and size of the penumbra of the main spot

A 6 possibilities
Ac ¢ Compactness: describes the sunspot distribution in the interior of the

sunspot group
A 4 possibilities

ALY G2aFft y20 mMcy OflaasSas o dz
ABased on a fulllisk view of the Sun

'_C
pece Westher Educetion Center




The Mclntosh classificatierX

AGeneral outlook of the group

AUnipolar or bipolar group?

A Unipolar: distance between spots € 3

A Bipolar: distance between main spots ® 3

A If large spots: distance 25
APenumbra or no penumbra?
APenumbra on one or both sides of the sunspot
group?

ALength of the group (>20 >15?)

A Between the outer extremities of the main spots




The Mcintosh classificatiom

APenumbra and size of principal sunspot
ARudimentary or mature penumbra?
A Rudimentary: incomplete and/or small penumbra Y

A Symmetric or asymmetric main spot?
A Symmetric means also: elliptical, multi umbrae, slight

irregularity of the edge & a
ANorth-Southdiameter of main spot >23
A Toavoidmisleadingeffect from sunspotstretchingby solar ‘
rotation ' h

R a

AadKE | YR d lbbothdrsdBA &§ KSNB AATF NBaLx |




The Mclntosh classificatior

Alnternal sunspot distribution

A Sunspots between leading and trailing main
Spots?
A Open: No or a few small spots
A Intermediate: Numerous small spots, but no mature

Als there internally at least 1 spot with a mature
penumbra?

A Compact: many strong spots with at least 1
containing a mature penumbra

A Extreme case: entire sunspot group enveloped by a
continuous penumbra

28




Sunspot groupsTheMcl classification example

HMI B173 A 4—Jul—2023 22:46:48.200 7

TABLE 1

Logic sequence for determining Mclntosh

-100 sunspot types

Unipolar or bipolar?

Penumbra or no penumbra?

Penumbra on one end or both ends?
Length of group?

Rudimentary or mature penumbra?
Symmetric or asymmetric largest spot?
N-S diameter of largest spot?

Spots between leader and follower?
Mature penumbra in interior?

—200

Y (arcsec)

=300 =

—400

—500 f'f-’ _
Solqu\/lom’ror Org "

—400 =300 —200 —3 00 0
X (arcsec) 29




Sunspot groupsThe Mount Wilson classificatic

ADeveloped by Hale in the early®6entury
A Supplemented bKiinze1960)
Adazdzyld 2Afazyé Ofl aarTA
ABased on magnetic structure of sunspot
groups ( . )
A Sunspotsnot ephemeral magnetic structures | ' |
A Attention for lineof-sight effects!

A Near solar limb
AOnly 7 classes
AA @)

AB b), BGlig), G @)
ABD bd), BGDlgd), GD ¢d)

e : D -8 S ? i Y T
' .. 'A A - . o i‘ ; >3 : - ‘;- (.. '- i.‘l.’. 0 ‘ & :: v’.\ f-- s . 4”}- . ) " o
"C 31 March 2013 5 April 2013 8 April 2013 )

"

Towards observer




Sunspot groupsTheMtW classification sketch
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Sunspot groupsTheMtW classifi

500

400 B

o
Q
<

Y {arcsecs)

N
Q
o

100

HMI Magnetogram

1—May—2014 22:46:21.300

Q
—500 —400 ‘ —300 —200 —-100 Q
X (arcsecs)
HMI 6173 A 1—May—2014 22:46:21.300
_.|.u_.,...;.J...,.....!.!.|...v..._ru].,..!uu,....!....!.,a

500

ool 12059
T 30
o 2
§ £
5 E:
- =

200

100

°F i SelleiiVi

Y PR ERTTERTT A N TN S
=500 —400 =300 =200 —=100
X (arcsecs)
i 7
LK&'\“,‘A,,-/

Spece Westher Educetion Center

a

600

500

400

Y {arcsecs)

]
(=3
o

200

100 B

600

500

+
Q
o

Y {arcsecs)

[
[=3
[=3

200

100

-100 0

100
X (arcsecs)

300

HMI Magnetogram 11—-Feb—2017 19:34:31.400

400

HMI 6173 A 11—Feb—2017 19:34:31.400

2 12855 ]
: % . E
E 2G4 :
:.l.........:.........|.........l.......'g.:.:l‘!;....::....;...:.@..F
-100 o 100 200 300 400

X (arcsecs)

b

T {oresecs)

Y {arcsecs)

ication Examples

200 HMI Magnetogram 12—Mar—2015 21:55:14.300

HMI Magnetograrm 15—5ep—-2015 23:10:18.
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Sunspogroupsc Flarerates

Mclintoshclassification MtWilson classification

1x102 5

1x102

1x10% 5

1x10°5 4

Maximum X-Ray Flux (Wm2)

Mean Flara Rate

= 1x10

1x107 =
Dai Eai Fai Dko Eko Dki Dkc Eki Ekc Fki Fko ]
Sunspot Groups ] .

Credits Lee et al. 2012

1x108

1x10°3 1x10™#
Spot Group Area

Credits Toriumi& Wang 201934 ‘

1x10™" 1x1072




Sunspogroups- Flares

SRS ARSI IS DTS LA Coraseionl




unspogroupsc White Light-lareq\WL

Description of a Singular Appearance seen in the Sun on : -
pSeptember 1, 1859. BI;'IR. C. Carrington, Isq. X-18 Solar Flare in NOAA 10436

While engaged in the forenoon of Thursday, Sept. 1, in OCtObCI‘ 200 _ Star at lh _)’
taking my customary observation of the forms and positions ¢ A o e | "
of the solar spots, an appearance was witnessed which I believe ; \:
to be exceedingly rare. The image of the sun’s disk was,
as usual with me, projected on to a plate of glass coated with
distemper of a pale straw colour, and at a distance and under a
power which presented a picture of about 11 inches diameter.
I had secured diagrams of all the groups and detached spots,
and was engaged at the time in counting from a chronometer
and recording the contacts of the spots with the cross-wires
used in the observation, when within the arca of the great
north group (the size of which had previously excited general
remark), two patches of intensely bright and white light broke
out, in the positions indicated in the appended diagram by the
letters A and B, and of the forms of the spaces left white. My

o

C nnn : Photo identification - All times in 2003 by Philipy ercoutter, Belgium

first Hnpression VV.SS that by some chance & oy .Of hght had Equipment: Lichtenknecker VAF 200/2400 - He Tele Vue BIG Barlow
_C penetrated a hole in the screen attached to the object-glass, by Detector: CANON EOS-10D - Variations in sharpness due to atmospheric turbulence.

Speace Westher Educetion Center



Sunsponumberc Whatisit?

ADevelopedoy Rudolf Wolf ASn =(10g +) , witr

Ag: number of sunspot groups (D NJZLJ

Aamné Y @3 | 2F ad:
Af: number of individual spotsi(Cf NO
Ak: correctionfactor for the observer

A Sizetelescope

A Observatiormethod used

A X

U Wolf as reference observer (initially)

GUawSt I 0ABSeE adzyalLlki

(N



https://www.sidc.be/SILSO/datafiles

Sunsponumberc Whatisit?

ADevelopedoy Rudolf Wolf
ASince1981compiledby the SIDC S

ASILSOSunspot Index and Long @t
term Solar Observations gligg  ERERRETITTTITTT cmmm
A World Data Center for the > 'LSOSunspot s e
international sunspot number - e B,
A Global network of +/80 stations e e
AFully revised in 2015 i '
A https://www.sidc.be/SILSO/datafiles e
A Alfred Wolfer as reference base -

A 8 cm refractor
A Specold_ocarno pilot station

A Corrected for weighted sunspot
count after 1947

@



https://www.sidc.be/SILSO/datafiles

Sunsponumberc¢ Severatflavors

ADailyEstimatedinternational
SunspotNumber(EISN)

AProvisionalnternational ol s e e ]
SunspotNumber

ADefinitiveInternationalSunspot
Number

Sunspot Number

v
¥
v

12 17 22 27 03 08 13
Day of month
SILSO graphics (http:/fsidc.befsilso) Roval Observatory of Belgium, 2024 March 14

39
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Sunsponumberc¢ Severatflavors

ADailyEstimatedinternational
Su nSpOﬂ\I u m ber(E I S N) 300 | Internaltional suns;pot numbelr S, : last 13‘ years andgforecasts !

AProvisionalnternational mol MMl
SunspotNumber ' :

ADefinitiveInternationalSunspot
Number

ASmoothedmonthly Sn

1sol Ml Y- diddl Lo : 5 : R 1 -

Sunspot number S,

i : ! : . !

{ n+5 , b A 1
0 | | | | 1 ] v A ! | |
 — — 2012 2014 2016 2018 2020 2022 2024
Snns — 12 E Rk + 2 (_R” + 6 + R_,;. _ 6) Time (years)
n—>5

SILSO graphics (http://sidc.be/silso) Royal Observatory of Belgium 2024 March 1
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Sunsponumberc¢ Severatflavors

SDO HMI (68173 A) 9-Jan—2023 19:34:29.600

ADailyEstimatedinternational
SunspotNumber(EISN)

AProvisionalnternational
SunspotNumber

ADefinitiveInternationalSunspot
Number

ASmoothedmonthly Sn
Sne = ]1—2 |:2 Ry + % (R}Hﬁ + Rne):|

AHemisphericsunspotnumber SolarMoniororg

’ ASH(N) ; Sn(S)




Sunspot cycle History

ADiscovered by Heinrich Schwabe
A1844
A Observations from 1826843

Lith. of E. Jones & G.W. Newman, 1846

Al Oldzt tfte f221Ay3 F2NJ G + d
ABased on the number of
A Sunspot groups 400 —
A Spotless days
APeriod of about 10 years o 300 -
3 100 18
ol g

1825 1830 1835 1840 1845
Date 43




Sunspot cycle History

ADiscovered by Heinrich Schwabe
A1844
AObservations from 1826843
Al Qidzr tte t221Ay3 F2N GKS LI IySi a=+d
ABased on the number of

A Sunspot groups . | " early mean and 13 monins smoothed number
A Spotless days 250} | | _
APeriod of about 10years 5. A a . AAA A QA a A
AFinetuned by Rudolf Woli § « A A
ASunSpOt number 301(;;’00 1720 | 1740 1760 17!80 1800 1820 | 1840 1860 1880

ATraced back to 1749
A SCO01 starts in 1755

' A Period of about 11.1 years
EC

1900 1950 2000 2050
Time (years)

SILSO graphics (http://sidc.be/fsilso) Royal Observatory of Belgium 2024 March 1




Sunspot cycle PropertiessiLso: scea)

SN, = 9.3+5.7 SN, = 178.7+57.8
Tyur = 132+14months T...= 52+14amonths

ise

e Avg SC
SC 25

2 AN

N |
/ - "\ ‘\
v [/ \/ \“v TR \
| / / l‘ \ n‘\\\ /
7/ a 4 b o \ .‘ !\\‘

N
L \\‘\\“"‘
4

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Minimum 0.0 81.2

Maximum 18.6 285.0



Sunspot cycleProperties

Double peaked Sow) Trise VS SQ]aX(\Naldmeiereffect)
Gnevyshewpeaks and gajoe?)
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