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The Solar Corona, Solar Wind and Heliosphere
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system via the high temperature Corona and its e
supersonic extension into interplanetary space,
the Solar Wind even though the power 2s5/1000

% of solar radiation1.36 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



Outline

A Sun, Solar Corona and Heliosphere: a Geographical
Historical Tour with some Stellar References

A Solar and Stellar Activity
A Magnetized Plasma

A Observational Properties of the Solar Corona and Wind
from Mariner to Parker Solar Probe
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Sunspots observed in China BC

JohannGoldsmid158%#1616)¢ Fabriciudirst publication and
deduction of solar rotation

ChristopheiScheline(15751650) Jesuit did not publish, anonymous
letters to Marcus/Neslerwho showed letters to Galileo

Galilleo 1612storiae dimostrazionintorno ;
alle macchiesolarie loroaccidenticompresean
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Scheinepublished in 1630 Ros#rsinaSive{ 2 { ¢
Variations in accordance with the Observed
Appearance of Its Flares and Sunspots

($ 145,000 first edition)
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Schwabe 1826 (searching for inner planet) 10 year periodicity In
the appearance of sunspots

Carrington¢ 18531861 white light flare, Carrington longitude
(16° latitude), latitude drift of sunspotsc Brewery

Fltzgerald 18925 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?

Wl”lam ThOmpSOn (LOrd Ke|Vi mé may also be forced to conclude that the supposed

connexionbetween magnetic storms and suspots Is unreal, and that the seeming agreement between the periods has
been a mere coincidenc®R dzf R y20 06S RANBOGf & RdzS (2 AYRdAzOUA GBS STFESOUA | aazOAa

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

Sporer 1860, Potsdam Latitude drift of sunspots
Secchi, 1860 Le SoleifdEdition
Maunder, 1922 Butterfly diagram



,A) SIDC Daily Sunspot Number 1860-2019 [SO—Day Running Avgrage]
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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 (Mclintoshet al., 2019);

horizontal dot-dashed lines signify 55Uatitude.



On the iImportance of being Magnetic
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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 iImmmediate detection,

and abundant proofs were found of the

existence of a magnetic field in every sunspot
observed

G. E. Hale 1919, Astrophysical
Journal, Vol. 49 p. 153
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Emission line observed 1869 total solar eclipse by Charles A. Youn
initially attributed tojan unknown element, coronium.

Solar corona is at temperatures above K
(Grotrian Edlen1942)

Total Solar Eclipse 2017 © 2017 Miloslav Druckmdller, Peter Aniol, Shadia Habbal

: Chapman and Cowling 1958: The Earth musit
SOIar COrOna g TOta.I SOIar ECIIpse, 2,02.024 be irﬁmersed IN the (Stgatic) outer

Temperature and Scale Height ! atmosphere of the Sun

4/20/2024 Brav Falls


https://www.astrobin.com/users/astrofalls/
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Solar Flares ( < 2 x 10 32ergs)
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Properties: Activity FR Diagram Ayres 2015
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convection falls

Not a coincidenceDynamo
needs convection and
turbulence to work

! 4
4 ] . »



3.5

30 1

2:D "

2.0 =

l0g10(L/L o)

—=0.9 1

LR S

'S %o X

* MS

+ SG (229)

X RG (210)

O OptHZ
— MS/SG bnd

. === SG/RG bnd

EEP Tracks

—1.0

o ¢
® o

4 x 103

Chen et al. 2023

SUN

CURRENT AGE:
4.6 BILLION YEARS

OLD SUN
(RED GIANT)

AGE: 12.5 BILLION YEARS

DURATION:

A PLANET IN THIS
HABITABLE ZONE
CAN STAY WARM
FOR % BILLION
YEARS
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23 Feb. 1996,16:44 to 21:03 UT
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Figure 3. The corona cells on the east (left) side of the filament are significantly brighter than those on
the opposite side throughout its transit across the Sun. The parts of the cells on the west side of the

filament are partially masked by the filament indication that their height close to the filament does not
exceed the height of the ﬁlamegt (2011 Sep 07, 17:29 UT (left image) and Sep 08, 21:29 UT (right
image), SDO/AIA 193 and 304 A).

Sheeley et al. 2013 ( Using Coronal Cells to Infer the Magnetic
Field Structure and Chirality of Filament Channels)
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' Magnetic 1_ Inertil
SOIar COrOﬂa IS a PLASMA 103 mnﬁn:ﬂ?:; -‘# _ :‘“ itfnfm;:l:l;ilz:;
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A PLASMA is a collection of . .
charged particles interacting FEgspes 1‘5 '_ Selar core
with ELECTRIC and g Wt L
MAGNETIC fields collectively$] pelor wine M“"@'ﬂ?
M E 104 Int erstellar space Flunrescent light A

- Aurora Flames ] -f
PLASMAS are EVERYWHEF e N gl i;';; i
in the UNIVERSE and have [EETL B S
nonvintuitive PROPERTIES | [IERUERLMER TR [ SR [ [

Number Density {Ehurged Particles / m?3)

yright 1% ontemporary Physics Education Project.
Iru el 1L~ courtesy ‘r[ JE fusion | 1hs Hu A and Steve Albers.



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



In a plasma faster particles COLLIDE LESS.

o d14>2
47T€()R2

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!



/ A Plasma is Different (2)
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Ordinary gas: How many particles
FICTROPIC AAVELLIAN. g0 how fast ?

FAST
« o PARTICLES




A Plasma Is Different

Aln a plasma collisions DECREASE as the temperature goes up
Faster particles collide less and can ACCELERATE more EASI

A Charged Particles to lowest order MUST FOLLOW Magnetic FI
Lines.

wMagnetic Field Lines to lowest order MUST FOLLOW Charged
Particles

The SELEONSISTENT MAGNETIC FIELD provides STRUCTUR
CONFINEMENT. Electric and Magnetic fields destakalcoelerate.

PARTICLES AND FIELDS ARE INEXTRICABLY INTERTW



1942, Hannes Alfvéqthe only plasma physicist

to receive the Nobel prize noted that In
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electromagnetic-hydrodynamic wave Is

produced which, so far as | know, has as yet
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