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Sunspots over 8 months. a, b are my designations of the two portions of the active complex.
R is the rotation number to bring a to the meridian, 25.5 Earth days.
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The Moon, like 
everything else, 
rises in the East.

But early 
cartographers 

were committed 
geocentrists.

So they labelled 
the moon as a 

direction
guide in the sky, 
not as another 

world.
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Total solar 
eclipse



Figures from Babcock, 1961. Differential rotation (E to W) drags the 
dipolar field lines embedded in convective zone plasma, winding the field 
along latitudinal lines. Eventually, these decay to reform the dipole, in an 

11 year cycle.

Emerging 
toroidal loops 

(NOT TO 
SCALE!)

Most recent minimum Jan 1 2020 Most recent maximum July 15 2014



Giving credit where credit is due…………..

THE FORMATION OF SUNSPOTS FROM THE
SOLAR TOROIDAL FIELD*

Eugene N. Parker
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Received October 18, 1954

ABSTRACT
It is shown that a horizontal magnetic flux tube in an electrically conducting atmosphere is buoyant
and will tend to rise. This magnetic buoyancy is large enough to bring an occasional strand of flux from
the general solar toroidal field up into the photosphere, ……….

Thus strands of the toroidal field are expected to appear only below the middle latitudes. This 
leads us to a suggestion by Elsässer1 that sunspots seem most naturally explained as a portion of 
the toroidal field which has been heaved up to the surface of the sun by some dynamic 
mechanism. (ed.: this was an unpublished citation).

Elsässer



Numerical simulation
of toroid buoyancy

Fan 2008, Fig. 10
THE THREE-DIMENSIONAL EVOLUTION OF 
BUOYANT MAGNETIC FLUX TUBES
IN A MODEL SOLAR CONVECTIVE 
ENVELOPE

tachocline

photosphere

The toroids are buoyant because the magnetic field partly counteracts hydrodynamic 
pressure, allowing the trapped plasma to go to a lower density
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Hot corona UV emission
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X-section thru field line



negative follows positive

positive follows negative

Calculated field 
lines

(white: connected)
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May 18
R=2.0



May 19: flares of M1+, M5.6, and another M1+ over 8 hours in active complex b
(24 hour video)



Figure 2.7: Helical path of an electron in a 
uniform magnetic field. (from Goossens, 2003).

As a result:

-plasma is entrained and will reveal the field lines, if hot enough

-an electric current is established that amplifies and sustains the magnetic 
fields (persistent filaments)

-the plasma motion is collimated (parallel) resulting in cooling; even 
though the particles have been accelerated, random thermal motion is 
reduced (coronal holes in UV emissions; cool filaments).

-Sunspots are dark because a very dense field penetrates to the top of the 
convective layer, inhibiting upwelling of hot plasma.

terminology: flux lines, flux tubes, braided filaments, etc.



Fig. 2.—The development of a toroidal flux tube into a sunspot
(a) indicates in a rough way how the tube might look after being borne 

to the surface by the magnetic buoyancy; 
(b) shows the concentration just under the photosphere due to cooling; 
(c) indicates splitting of the tube as a consequence of the abrupt
tapering above the cool region.
(from Parker, 1954).
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Figure 37: Bright penumbral filaments showing a 
dark central core. Image was taken in G-band at 
430.5 nm with the Swedish 1-m Solar Telescope. 
Tickmarks have a scaling of 1000 km on the Sun 
(from Scharmer et al., 2002, reproduced by 
permission of Macmillan Publishers Ltd: Nature). 
(from Borrero and Ichimoto, 2011).

Also from Parker (1954)

“We assume that the presence of a magnetic field of the order of 100 gauss or more produces a cooling of the region 
occupied by the flux tube. Biermann’s assumption that the cooling follows as a result of the magnetic field’s inhibiting 
effect on convection seems the most straightforward explanation……”

The reference is to Biermann, 1941, Vierteljahrsschr. Asir. Gesellseh., 76, 194.
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June 14
R=3.0



July 9
R=4.0
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filaments



July 15
R=4.26

b
filament

??



Flaring continues after eruption 
along two lines, this structure is 
visible in the Ha image.

The filament eruption follows 
the classic pattern of developing 
a twist before it disintegrates 
near 0930 EDT.

flaring





August 6
R=5.1

a
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August 7: the cross-equatorial 
filament disintegrates

The effect propagates from b south and around the limb, 
where it triggers a small CME, visible in 171 A



September 3
R=6.2
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One half of the northern hemisphere has 
become quiet!



October 2
R=7.4

b

The entire facing northern hemisphere has
suddenly reawoken! AR emergence is 

measured in days, decay in weeks/months.



October 2, 2022, Ha image, sunspot #3111, Earth for scale. Although
the area around it has magnetic connections to adjacent features,

this solitary spot has unconnected field lines extending to the corona or beyond.



October 23
R=8.2

b persists as a UM (Unipolar Magnetic region) with an 
unconnected core



Some asymmetry between N and S hemispheres is evident: active at different times.



El-Borie et al., 2021, 
Chinese Journal of 
Physics

North-south hemisphere 
asymmetry in

the number of sunspots, 
and their total area,

can persist for about 5 
years

When the red & blue lines 
separate, there is

asymmetry





From Sanderson et al. 2003

In some years, a quadrupole field emerges during solar maximum. Statistical analyses suggest this peaks 
in cycles of about 7 and 50 years. QFs are associated with N-S hemisphere asymmetry in sunspots, etc.

Pure dipole

Quadrupole

mixed

Magnetic 
pole

Magnetic 
poleMagnetic

pole



October 27
(R=8.25)

Three coronal holes 
arranged around a 

disturbed but non-flaring 
region cored by 

unconnected field lines.

This is area b, likely a 
developing quadrupole.

b
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Walter M. Elsasser
From Wikipedia, the free encyclopedia

Walter Maurice Elsasser (March 20, 1904 – October 14, 1991)…a developer of the

presently accepted dynamo theory as an explanation of the Earth's magnetism. He

proposed that this magnetic field resulted from electric currents induced in the fluid outer

core of the Earth. He revealed the history of the Earth's magnetic field by the study of the

magnetic orientation of minerals in rocks.[1] He was also the first to suggest that the wave-like

nature of matter might be investigated by electron scattering experiments using crystalline solids. 

The Olin Hall at the Johns Hopkins University has a Walter Elsasser Memorial in the lobby. 

https://en.wikipedia.org/wiki/Dynamo_theory
https://en.wikipedia.org/wiki/Earth
https://en.wikipedia.org/wiki/Magnetism
https://en.wikipedia.org/wiki/Magnetic_field
https://en.wikipedia.org/wiki/Mineral
https://en.wikipedia.org/wiki/Walter_M._Elsasser#cite_note-1
https://en.wikipedia.org/wiki/Johns_Hopkins_University
https://en.wikipedia.org/wiki/File:Waltermelsasser.jpg
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