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Sun

EARLY REPORTS
ON SUNSPOTS
The two oldest record of a
sunspot observation are found
in the Book of Changes,
probably the oldest extant
Chinese book, compiled in
China around or before 800
BC. The text reads "A dou is
seen in the Sun", and A mei is
seen in the Sun". From the
context, the words (i.e.,
chinese characters) "dou" and
"mei" are taken to mean
darkening or obscuration.

John of Worcester (1128)

SUNSPOT (WOLF)
NUMBERS
Samuel Schwabe
observed the Sun
regularly in the
1826-1843 period,
discovering the 11year cycle.
Rudolf Wolf
redefined the
counting method
(1848) and extended
the records back to
1755.
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olar magnetic field and its cycle. (a) A continuum image and (b) a line-of-sight magnetogram, both taken on March 30, 2001
DI instrument onboard SOHO (ESA/NASA). (c) A synoptic magnetogram (courtesy of D. Hathaway, NASA/MSFC),

EQUATORIAL DRIFT
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The sunspots drift along each cycle from the 30

latitudes towards the equator.

Discovered by Richard Carrington (1861), it has been
refined by Gustav Spörer.
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Description of a Singular Appearance seen in tlte Sun on
September 1, I 859· By R. C. Carrington, Esq.
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first impression was that by some chance a ray of light had
·penetrated
object-glass, by
by
·penetrated a hole in the screen attached to the object-glass,
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Splitting of spectral
lines due to magnetic
field.
Discovered by Pieter
Zeeman in 1896
(Nobel Prize 1902).
Applied to interpret
spectroscopic
observations of
sunspots by George
Hale in 1908.
The field strength
estimated at
2.6-2.9 kG.

(1) Southern ípot, showing red components of doublets. Nicol 29o W.
(2) One umbra of northern spot, showing violet components of doublets. Nicol 29o W.
(3) Other
o
umbra of northern spot, showing violet components of doublets. Nicol 29 W. (4.) Some umbra of northern spot, showing red components of doublets. Nicol 610 E. (5) Spot
spectrum without rhomb or Nicol, showing both components of doublets. Scale : 1 Angström=6 mm.
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HALE’S POLARITY LAW
Hale et al. (1919) established that
close sunspot pairs are oppositely
polarized, the polarity of leading
sunspot.
Moreover, inclination of sunspot
pairs decreases with latitude
(Joy’s law).

In general, the angle of inclination was fou

on the latitude of the group, without reference
cycle or the time within the cycle. A knowl
of the spots would have aided greatly in dete
of the axes of the groups.
The most significant characteristic of thes
lies in the fact that the two principal membe
mu
va
ma
ph

0

5

10

15

20

25

50

35°

Fig. 5.—Summary of a statistical study of the
sun-spot drawings of Carrington and Spörer showing the variation with latitude (abscissae) in the
preferential inclination (ordinates) of the axis of
[ bipolar sun-spot groups. In low latitudes the axes
I are nearly parallel to the sun’s equator, but with
/ increasing latitude the mean inclination increases
! to a maximum of about ii°.
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(NASA)

SUNSPOTS
AS MAGNETIC FLUX TUBES
•

sunspots:
B ~ 3 kG
T ~ 3000 4500 K

•

standard
photosphere:
B ~ 1-2 G,
T = 5800 K

22-YEAR
MAGNETIC CYCLE
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HEMISPHERIC MAGNETIC
FLUXES
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Fig. 2.4. Net magnetic flux through the solar surface at the northern hemisphere (left hand panel) and magnetic helicity flux
for northern and southern hemispheres (right hand panel, lower and upper curves, respectively). Adapted from Berger and
Ruzmaikin [43].

Berger & Ruzmaikin (2000)
Brandenburg & Subramanian (2005)

Solar Dynamics Observatory (NASA, since 2010)

visual

extreme ultraviolet (EUV, 171A)

https://www.nasa.gov/feature/goddard/2020/watch-a-10-year-time-lapse-of-sun-from-nasa-s-sdo

solar active regions

Solar Dynamics Observatory (NASA), EUV (171A), 8 Jan 2014

Solar Dynamics Observatory (NASA), EUV (171A), 6-10 Jan 2014

multiple flares from the same active region

Solar Dynamics Observatory (NASA), EUV (171A), 21-25 Jun 2015

SOLAR ORBITER
CAMPFIRES

et al.: The magnetic drivers of campfires seen by the Polarimetric and Helioseismic Imager (PHI) on Solar Orbiter

Solar Orbiter, ESA mission
launched in Feb 2020, closest
approach 0.29 AU

campfires are small EUV
brightenings observed in the
c magnetic field and images from the chromosphere and corona. From left to right: Inverted B
map of SO/PHI in 6173 Å
quiet
regions
solar
EUV
urated at ±40
G, the nearly
co-temporalof
HRIthe
image
in 1216 Å recorded at 16:58:55 UT, and
the image
HRI
image in 174 Å
5 UT. The data were taken during the cruise phase of SO on February 23, 2021.at
Thethe
maps
shownofhere
were
calibrated,
but the
400
Mm
∼
0.3R
scale
⊙
chromosphere
am is not aligned
to SO/EUI filtergrams. The three images have a FOV of 1024 ⇥ 1024 , which corresponds to about 398 ⇥ 398

a SO Sun distance of 0.523 AU.
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(Kahil et al. 2022)

SOLAR GAMMA-RAY FLARES
Fermi GBM/LAT
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igh-time resolution profiles of the 100–500 keV emission observed in the GBM BGO detector and of >30 MeV LLE data. A cross-correlation
high-energy γ -ray emission had an overall lag of 6 ± 3 s relative to the bremsstrahlung.
gure is available in the online journal.)

Ackermann et al. (2012)

oton interactions in the solar atmosphere
d from Compton scattering of cosmic-ray
ackbody photons. The LAT is therefore a
temporally extended solar-flare emission

been comparable extended emission similar to that found on
1991 June 11.
5. SUMMARY AND DISCUSSION

Pesce-Rollins et al. (2015)

PROBLEM 4:
MAGNETIC HELICITY
Magnetic helicity is defined for a system of volume V as
the integral ℋ =

⃗ ⋅ B ⃗ dV, where A ⃗ is the
A
)
∫V (

magnetic vector potential.

dℋ
Calculate
in the regime of resistive MHD in terms
dt
of B .⃗ Assume that potentials A ,⃗ ϕ vanish at the system

boundaries.

This problem is worth 5 points. Solutions should be sent as 1-page PDF files to
knalew@camk.edu.pl before the next lecture.

a filament initiating a coronal mass ejection (CME)

Solar Dynamics Observatory (NASA), 171A+304A, 31 Aug 2012

a coronal mass ejection (CME)
followed by solar energetic particles (SEP)
observed by STEREO (NASA, since 2006)

SPACE
WEATHER
WSA-ENLIL
Model:
1200 UT 24 July
simulation of a dangerous July 2012 CME

(G. Millward, SWPC)

[Baker et al., 2013]

WSA-ENLIL

SOLAR ERUPTION
MECHANISM

ARTICLES

SOLAR ERUPTION
SIMULATIONS

NATURE ASTRONOMY

a

b

Jiang et al. (2021)
c

SOLAR CORONA

Coronal heating
mechanism:
waves (AC),
reconnection (DC).

First
spectroscopic
observations
during eclipses
led to
the discoveries
of helium
(Janssen 1868)
and coronium
(Young,
Harkness 1869).

The 530nm
coronium line
has been
identified only
in 1939-40 as
Fe XIV (Grotrian,
Edlen), implying
temperatures
of T ∼ 106 K.

helmet streamers
(mid-latitutes,
closed field lines)
coronal holes
(polar regions,
open field lines)

Universe Today / NASA

heliospheric current sheet
(Parker’s spiral, 1958)

Werner Heil, Public domain, Wikimedia Commons

solar wind
at solar
minimum

slow solar wind
from streamers

fast solar wind
from coronal holes

NASA – Marshall Space Flight Center, Public domain, Wikimedia Commons

PARKER SOLAR PROBE
MAGNETIC SWITCHBACKS
Parker Solar Probe, NASA mission launched in Aug 2018, closest approach 0.046 AU (9.9R⊙).
Magnetic switchbacks are localized magnetic field reversals detected in slow solar wind at ~0.2
AU, suggesting impulsive energization at equatorial coronal holes.

Bale et al. (2019)

SUN: SUMMARY
Dark sunspots on the surface of the Sun are magnetic flux tubes
with B ∼ 3 kG (quiet Sun: ∼ 1 G), usually in pairs of opposite
polarity.
The sunspots statistics show an 11-year cycle, in fact a 22-year cycle
of magnetic dynamo with alternating polarity.
The Sun has an extended tenuous corona of ∼ MK temperature
with unknown heating mechanism, it is also a source of structured
solar wind extending as the heliosphere far beyond the planets.
Active Sun produces solar flares that may be associated with coronal
mass ejections that may impact Earth’s magnetosphere
(space weather), inducing potentially dangerous geomagnetic storms.

