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Sunspots ς First observations

ÅChina
Å.ƻƻƪ ƻŦ /ƘŀƴƎŜǎ όάL /ƘƛƴƎέύ

Å800 BC

ÅFirst drawing
ÅJohn of Worcester

Å8 Dec 1128
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Sunspots ς First observations

ÅChina
ÅBook of Changes

Å800 BC

ÅFirst drawing
ÅJohn of Worcester

Å8 Dec 1128

ÅFirst telescopic drawing
ÅThomas Harriot

Å8 Dec 1610

ÅFirst publication
ÅJohannes Fabricius

Å13 June 1611
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Sunspots ς First observations

ÅGalileo Galilei
ÅOldest drawing: 12 Feb 1612

ÅMain discoveries on sunspots:
ÅOn the Sun (not satellites)
ÅThe Sun is NOT perfect!

ÅRotate with the Sun (+/- 1 month)
ÅCan reappear

ÅSunspots change shape

2 June ς 8 July 1613
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Sunspots ς First observations

ÅGalileo Galilei
ÅOldest drawing: 12 Feb 1612

ÅMain discoveries on sunspots:
ÅOn the Sun (not satellites)
ÅThe Sun is NOT perfect!

ÅRotate with the Sun (+/- 1 month)
ÅCan reappear

ÅSunspots change shape

ÅChristoph Scheiner
ÅRosa Ursina sive sol

ÅMain discoveries:
ÅSolar axis is inclined

Åά5ƛŦŦŜǊŜƴǘƛŀƭ Ǌƻǘŀǘƛƻƴέ
Christoph Scheiner, Rosa Ursina (1630)
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SunspotsςHow to observe

NakedeyeςEclipseglassesΣΧ Telescope ςProjection 

Royal Observatoryof Belgium / SIDC / SILSO



SunspotsςHow to observe

LargestsolartelescopeςDKIST (4m) Largestresolution images (30 km)

Daniel K. InouyeSolar Telescope(Hawaii)
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SunspotsςStructureandcreation

Structure: umbra andpenumbra Creation: magneticdisturbanceat the
surfaceof the Sun

penumbra

umbra

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

granulation
photosphere
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SunspotsςProperties

Temperature Magneticfield strength

5800°C

5300°C

4500°C

1-2 Gauss

2.5-0.5 kG

1.5-4 kG

Earth: 0.25-0.65 Gauss ; fridge magnet: 100 Gauss

GoodeSolar Telescope(BBSO) DKIST
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Sunspots- Location

ÅQuadrants

ÅSolar rotation
Å+/- 27 days(apparent)
ÅCarringtonrotation

Å+/-13° per day

ÅDifferentialrotation
ÅPolesrotate slower than equator

ÅPosition
ÅLatitude

ÅCentral MeridianDistance(CMD)

ÅExample
ÅN28E52

ÅWithin a group, sunspotscan
άwanderέ
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Sunspotgroups

First photographof the Sun ςFizeau& 
Foucault(2 April 1845)

Photographof the Carringtongroupς
Warren de la Rueon 31 August and03 
September 1859
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Credits: ESA
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Sunspot groupsςSolar dynamo

Solar dynamo

- +

+                     -
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Sunspot groups - Bipolar

Most sunspotgroupsare bipolar. DuringSC24-25: 33% unipolar; 67% bipolar
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SunspotgroupsςEvolution(birth)
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SunspotgroupsςEvolution(decay)
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Sunspotgroups- Numbering

ÅGreenwich (RGO)
Å1874-1976

ÅNOAA/USAF
Å1972-present
ÅCurrently at 13615
ÅReturninggroupsget new number

ÅCatania
Å0 => 99
ÅStart over 

ÅAll data (1874-present) at
ÅSolar CycleScience
Åhttp://solarcyclescience.com/activeregions.html
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SunspotgroupsςSunspotarea

Å9ȄǇǊŜǎǎŜŘ ƛƴ άaIέ
ÅMillionthsof a solarHemisphere

ÅArea Earth= 167 MH

ÅSeveralmethodologies
ÅDifferencesbetween

Observatories

ÅRGO = 1.4 x NOAA

ÅSunspotgroups:
ÅTypical: ~ 170 MH

ÅLargeston 8 April 1947
ÅGreenwich 1488603
Å6320 MH
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SunspotgroupsςSunspotarea

Kanzelhöhe, 8 April 1947 20SDO/HMI, 23 October2003



Sunspot groups ςά¢ƘŜέ ƭŀǿǎ όмκнύ

ÅLeadingspots tend to have larger MF 
than trailing spots
ÅForm earlier, last longer

ÅThe leadingspot is usuallymore 
inclinedtowardsthe solarequator 
than the trailingone
ÅEffect becomesmore pronouncedwith

increasingƭŀǘƛǘǳŘŜ όάWƻȅΩǎlawέύ 

ÅLeadingandtrailingsunspotsusually
have oppositemagneticpolarities
ÅOppositebetween solar hemispheres
ÅMagnetic polarities reverse from one solar 
ŎȅŎƭŜ ǘƻ ǘƘŜ ƴŜȄǘ όάIŀƭŜΩǎ ƭŀǿέύ

ÅOver the course of a solar cycle, 
sunspot groups emerge closer and 
ŎƭƻǎŜǊ ǘƻ ǘƘŜ ǎƻƭŀǊ ŜǉǳŀǘƻǊ όά{ǇǀǊŜǊΩǎ 
ƭŀǿ ƻŦ ǎǳƴǎǇƻǘ ȊƻƴŜǎέύ
ÅButterfly diagram (Maunder, 1904)
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Sunspot groups - Classifications

ÅTwo classification schemes
ÅWhite light
ÅMcIntosh classification

ÅBased on the sunspot group morphology

ÅMagnetogram
ÅMount Wilson classification

ÅBased on the magnetic structure of a sunspot group

Å5ŜǘŀƛƭŜŘ ŘƛǎŎǳǎǎƛƻƴ ŀƴŘ ŜȄŀƳǇƭŜǎ ŀǘ {¢/9Ωǎ SWx classification page
Åhttps://www.stce.be/educational/classification 
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Sunspot groups - The McIntosh classification

ÅDeveloped by P. McIntosh in the late 1960s, published in 1990

Å3 components: Zpc
ÅZ ς Zürich modified : general outlook of the sunspot group
Å7 possibilities

Åp ς Penumbra: outlook and size of the penumbra of the main spot
Å6 possibilities

Åc ς Compactness: describes the sunspot distribution in the interior of the 
sunspot group 
Å4 possibilities

ÅLƴ ǘƻǘŀƭ ƴƻǘ мсу ŎƭŀǎǎŜǎΣ ōǳǘ άƻƴƭȅέ сл ŎƭŀǎǎŜǎ

ÅBased on a full-disk view of the Sun
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The McIntosh classification - Z

ÅGeneral outlook of the group
ÅUnipolar or bipolar group?
ÅUnipolar: distance between spots < 3°

ÅBipolar: distance between main spots > 3°
ÅIf large spots: distance > 5°

ÅPenumbra or no penumbra?

ÅPenumbra on one or both sides of the sunspot 
group?

ÅLength of the group (>10°? >15°?)
ÅBetween the outer extremities of the main spots

A

B

C

D

E

F

H



The McIntosh classification - p

ÅPenumbra and size of principal sunspot
ÅRudimentary or mature penumbra?
ÅRudimentary: incomplete and/or small penumbra

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

irregularity of the edge

ÅNorth-Southdiameter of main spot >2,5°?
ÅToavoidmisleadingeffect from sunspotstretchingby solar 

rotation

ÅάƘέ ŀƴŘ άƪέ ŀǊŜ ǘƘŜ ōƛƎ brothersκǎƛǎǘŜǊǎ ƻŦ ǊŜǎǇΦ άǎέ ŀƴŘ άŀέ
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The McIntosh classification - c

ÅInternal sunspot distribution
ÅSunspots between leading and trailing main 

spots? 
ÅOpen: No or a few small spots

ÅIntermediate: Numerous small spots, but no mature

ÅIs there internally at least 1 spot with a mature 
penumbra?
ÅCompact: many strong spots with at least 1 

containing a mature penumbra

ÅExtreme case: entire sunspot group enveloped by a 
continuous penumbra
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Sunspot groups - The McI classification - Example
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Sunspot groups - The Mount Wilson classification

ÅDeveloped by Hale in the early 20th century
ÅSupplemented by Künzel (1960)
Åάaƻǳƴǘ ²ƛƭǎƻƴέ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ

ÅBased on magnetic structure of sunspot 
groups
ÅSunspots, not ephemeral magnetic structures

ÅAttention for line-of-sight effects!
ÅNear solar limb

ÅOnly 7 classes
ÅA (a)

ÅB (b), BG (bg), G (g)

ÅBD (bd), BGD (bgd), GD (gd)
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Sunspot groups - The MtW classification - sketch
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Sunspot groups - The MtW classification - Examples

a b bg bgd
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SunspotgroupsςFlarerates

McIntoshclassification MtWilson classification

Credits: Lee et al. 2012

Credits: Toriumi& Wang 201934



Sunspotgroups- Flares
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SunspotgroupsςWhite Light Flares(WLF)
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SunspotnumberςWhatis it? 

ÅDevelopedby Rudolf Wolf 

ÅSince1981 compiledby the SIDC
ÅSILSO: Sunspot Index and Long-

term Solar Observations
ÅGlobal network of +/- 80 stations

ÅFully revised in 2015
Åhttps://www.sidc.be/SILSO/datafiles 

ÅAlfred Wolfer as reference base

ÅCorrected for weighted sunspot 
count after 1947

ÅSn = k(10g + f) , with

Åg: number of sunspot groups (άDǊǳǇǇŜέ)
Åάмлέ Υ ŀǾƎΦ І ƻŦ ǎǳƴǎǇƻǘǎκƎǊƻǳǇ

Åf: number of individual spots (άCƭŅŎƘŜέ)

Åk: correctionfactor for the observer
ÅSizetelescope

ÅObservationmethodused

ÅΧ 

üWolf as reference observer (initially)

üάwŜƭŀǘƛǾŜέ ǎǳƴǎǇƻǘ ƴǳƳōŜǊ όάwέύ
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SunspotnumberςWhatis it? 

ÅDevelopedby Rudolf Wolf 

ÅSince1981 compiledby the SIDC
ÅSILSO: Sunspot Index and Long-

term Solar Observations
ÅWorld Data Center for the 

international sunspot number

ÅGlobal network of +/- 80 stations

ÅFully revised in 2015
Åhttps://www.sidc.be/SILSO/datafiles 

ÅAlfred Wolfer as reference base
Å8 cm refractor

ÅSpecola/Locarno pilot station

ÅCorrected for weighted sunspot 
count after 1947
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SunspotnumberςSeveralάflavorsέ

ÅDaily EstimatedInternational 
SunspotNumber(EISN)

ÅProvisionalInternational 
SunspotNumber

ÅDefinitiveInternational Sunspot
Number
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SunspotnumberςSeveralάflavorsέ

ÅDaily EstimatedInternational 
SunspotNumber(EISN)

ÅProvisionalInternational 
SunspotNumber

ÅDefinitiveInternational Sunspot
Number

ÅSmoothedmonthlySn

_
Snms
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SunspotnumberςSeveralάflavorsέ

ÅDaily EstimatedInternational 
SunspotNumber(EISN)

ÅProvisionalInternational 
SunspotNumber

ÅDefinitiveInternational Sunspot
Number

ÅSmoothedmonthlySn

_

ÅHemisphericsunspotnumber
ÅSn(N) , Sn(S)

Snms
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Sunspot cycle ςHistory

ÅDiscovered by Heinrich Schwabe
Å1844

ÅObservations from 1826-1843

Å!Ŏǘǳŀƭƭȅ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ǇƭŀƴŜǘ ά±ǳƭŎŀƴέ 

ÅBased on the number of
ÅSunspot groups

ÅSpotless days

ÅPeriod of about 10 years
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Sunspot cycle ςHistory

ÅDiscovered by Heinrich Schwabe
Å1844

ÅObservations from 1826-1843

Å!Ŏǘǳŀƭƭȅ ƭƻƻƪƛƴƎ ŦƻǊ ǘƘŜ ǇƭŀƴŜǘ ά±ǳƭŎŀƴέ 

ÅBased on the number of
ÅSunspot groups

ÅSpotless days

ÅPeriod of about 10 years

ÅFinetuned by Rudolf Wolf
ÅSunspot number

ÅTraced back to 1749
ÅSC01 starts in 1755

ÅPeriod of about 11.1 years
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Sunspot cycle ςProperties (SILSO: SC01-24)

Snmin = 9.3 + 5.7

Tdur = 132 + 14 months

Snmax = 178.7 + 57.8

Trise = 52 + 14 months

Avg SC
SC 25

Avg SC
SC 25

Sn min Sn max Tdur Trise

Minimum 0.0 81.2 108 35

Maximum 18.6 285.0 163 82
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Sunspot cycle - Properties

Double peaked SC (40%)

Gnevyshev peaks and gap (1967)

Trise vs SCmax (Waldmeier effect)
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