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¢ƘŜ {ǳƴΩǎ ƛƴŦƭǳŜƴŎŜ ŜȄǘŜƴŘǎ ǘƘǊƻǳƎƘƻǳǘ ǘƘŜ ǎƻƭŀǊ
system via the high temperature Corona and its  
supersonic extension into interplanetary space,
the Solar Wind even though the power is 2-5/1000
% of solar radiation(1.36 kW/m² at Earth)

The magnetized Solar Wind outflow creates a
cavity in the interstellar medium extending about 
100 AU, the HELIOSPHERE, where the flux of 
cosmic rays is regulated by scattering in the solar 
magnetic field.

Solar Magnetic Activity affects human endeavors
in space.

Stellar Magnetic Activity affects the possibility of 
life

The Solar Corona, Solar Wind and Heliosphere



Outline

ÅSun, Solar Corona and Heliosphere: a Geographical-
Historical Tour with some Stellar References

ÅSolar and Stellar Activity

ÅMagnetized Plasma 

ÅObservational Properties of the Solar Corona and Wind 
from Mariner to Parker Solar Probe



Far out in the uncharted backwaters of the 
unfashionable end of the western spiral arm of 
the Galaxy lies a small unregardedyellow sun 
(Douglas Adams)



1 AU = 150,000,000 km = 215 Rs

Vesc = 618 km/s 
gs = 28 g

Rs   = 696000 km

Sun rotates in 25 days (26 1/4 
seen from Earth at equator)
24.9 ς29.8 Eq-Pole

Life on Earth comes from 
ǊŀŘƛŀǘƛƻƴ ŦǊƻƳ ǘƘŜ {ǳƴΩǎ 
photosphere: 1.36 kW/m²



Brief brief pre-history

Sunspots observed in China BC

Johann Goldsmid(1587-1616) ςFabriciusfirst publication and 
deduction of solar rotation

Christopher Scheiner(1575-1650) Jesuit did not publish, anonymous 
letters to Marcus Weslerwho showed letters to Galileo 

Galileo 1612 Istoriae dimostrazioniintorno
alle macchiesolarie loro accidenticompresein 
Tre letterescritteall'illustrissimosignor 
Marco VelseriLinceo.



Scheinerpublished in 1630 Rosa UrsinaSive{ƻƭόΩǎύ 
Variations in accordance with the Observed 
Appearance of Its Flares and Sunspots 
($ 145,000 first edition) 
Sunspots never occur at the poles and rotate more 
ǎƭƻǿƭȅ ŀǘ ƘƛƎƘŜǊ ƭŀǘƛǘǳŘŜǎΣ ŀƭǎƻ ǘƘŜ {ǳƴΩǎ Ǌƻǘŀǘƛƻƴ 
axis appears to be inclined 7oмрΩ ǿƛǘƘ ǊŜǎǇŜŎǘ ǘƻ 
the pole of the ecliptic.



Schwabe 1826 (searching for inner planet)  10 year periodicity in 
the appearance of sunspots

Carrington ς1853-1861 white light flare, Carrington longitude 
(16o latitude), latitude drift of sunspots ςBrewery

Fitzgerald 1892 Is it possible then that matter starting from the Sun with the explosive velocities we know 

possible there, and subject to an acceleration of several times solar gravitation, could reach the Earth in a couple of days?

William Thompson (Lord Kelvin) we may also be forced to conclude that the supposed 

connexionbetween magnetic storms and sun-spots is unreal, and that the seeming agreement between the periods has 
been a mere coincidence [ŎƻǳƭŘ ƴƻǘ ōŜ ŘƛǊŜŎǘƭȅ ŘǳŜ ǘƻ ƛƴŘǳŎǘƛǾŜ ŜŦŦŜŎǘǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǾŀǊƛŀǘƛƻƴǎ ƛƴ ǘƘŜ {ǳƴΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ]

Wolf sunspot number (Zurich 1855, now Belgium Royal 
Observatory)

Sporer, 1860, Potsdam Latitude drift of sunspots

Secchi, 1860 Le Soleil, 2nd Edition

Maunder, 1922 Butterfly diagram



140 years of sunspot evolution as visualized by the Royal Observatory of Brussels, Solar Influences Data analysis Center (SIDC) 

and US AirForce.

Vertical dotted lines are the times of the magnetic (Hale) cycle terminations (McIntoshet al., 2019); 

horizontal dot-dashed lines signify 55Ǔlatitude.

daily sunspot number 

(fine dots) with a 50-

day running average 

superposed in blue. 

latitude-time 

distribution of 

sunspots over the 

same time frame, the 

size of the symbol 

plotted represents the 

relative size of the 

sunspot
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ñΧŀ ǎǳƴǎǇƻǘ ƛǎ ŀ ǾƻǊǘŜȄΣ ƛƴ ǿƘƛŎƘ ŜƭŜŎǘǊƛŦƛŜŘ 
particles, produced by ionization in the solar 
atmosphere, are whirled at high velocity. This 
might give rise to magnetic fields in sunspots, 
regarded as electric vortices. A search for the 
Zeeman effect led to its immediate detection, 
and abundant proofs were found of the 
existence of a magnetic field in every sunspot 
observedñ

G. E. Hale 1919, Astrophysical 
Journal, Vol. 49 p.  153

On the importance of being  Magnetic



Solar Cycle and Rush to the Poles



Solar Corona , Total Solar Eclipse, 2017, 2024
Temperature and Scale Height !

4/20/2024           Bray Falls

Solar corona is at temperatures above 106 K 
(Grotrian Edlen 1942)

Chapman and Cowling 1958: The Earth must 
be immersed in the (static) outer 
atmosphere of the Sun

Emission line observed 1869 total solar eclipse by Charles A. Young, 
initially attributed to an unknown element, coronium.

https://www.astrobin.com/users/astrofalls/




Heliophysics Summer School 2016

Solar Flares ( < 2 x 10 32ergs)
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T~9,940 K 1.71R
¼

2.02 M
¼

T~3,910 K 44.2 R
¼

1.7 M
¼

T~3,400 K 883 R
¼

12.4 M
¼

T~3,800 K 1900 R
¼

2֒0.4 M
¼



Properties: Activity H-R Diagram

άActivityέŎƻƴŦƛƴŜŘ ǘƻ άŎƻƻƭ 
ǎǘŀǊǎΣέ ƛƴ ŎƻƴǾŜŎǘƛǾŜ ƘŀƭŦ ƻŦ 

H-R diagram Coronae

(T~1-10 MK) and 

Chromospheres(~104 K) 
die out where surface

convection fails 

Not a coincidence! Dynamo
needs convection and 
turbulence to work

Ayres 2015



Chen et al. 2023
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Sheeley et al. 2013 ( Using Coronal Cells to Infer the Magnetic 

Field Structure and Chirality of Filament Channels)
(Martin, Lin & Engvold , 2007)
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Solar Corona is a PLASMA

A PLASMA is a collection of 
charged particles interacting 
with ELECTRIC and 
MAGNETIC fields collectively 
!!!!

PLASMAS are EVERYWHERE 
in the UNIVERSE and have 
non-intuitive PROPERTIES !
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A Plasma is Different (1)

In a neutral gas collisions increase with
1.The number of particles 2. The speed you move ==> Fast particles 
slow down, slow particles go faster (Robin Hood)



In a plasma faster particles COLLIDE LESS.

Once a particle goes fast, if there is a force it will just go faster. In a 
plasma, the RICH get RICHER (inverse Robin Hood D. T.?)  
A RUNAWAY EFFECT is possible!
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A Plasma is Different (2)



How many particles
go how fast ?



A Plasma is Different

ÅIn a plasma collisions DECREASE as the temperature goes up. 
Faster particles collide less and can ACCELERATE more EASILY !!!!!

ÅCharged Particles to lowest order MUST FOLLOW Magnetic Field 
Lines.

ωMagnetic Field Lines to lowest order MUST FOLLOW Charged 
Particles 

The SELF-CONSISTENT MAGNETIC FIELD provides STRUCTURE, 
CONFINEMENT. Electric and Magnetic fields destabilize-accelerate.

PARTICLES AND FIELDS ARE INEXTRICABLY INTERTWINED



1942, Hannes Alfvén ςthe only plasma physicist 
to receive the Nobel prize ςnoted that in
ŀ ƳŀƎƴŜǘƛȊŜŘ ǇƭŀǎƳŀ άŀ ƪƛƴŘ ƻŦ ŎƻƳōƛƴŜŘ 
electromagnetic -hydrodynamic wave is 
produced which, so far as I know, has as yet 
ŀǘǘǊŀŎǘŜŘ ƴƻ ŀǘǘŜƴǘƛƻƴέΦ


