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1.
The Sun: Composition & Atmosphere

2.
Solar Wind:
– “Historical“ Introduction



– Standard Model

3.
Sun’s Global Magnetic Field

4.
Variability: The Solar Cycle

5.
Working Plan: Equations & Model                     Description




The Sun: Composition & Atmosphere
Sun = 
sphere of self-gravitating hydrogen plasma. MSun = 2 ( 1030 kg,  RSun = 7 ( 105 km

Tcore ( 15 ( 106 K ( fusion of  4 H+ ( He2+ + h(
(rT < 0 ( convective instability if
–(rT > ((–1)/( mg/kB
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“surface“ (where ( = 1):  photosphere , Tps = 5780 K

· above: transition to  corona  , ((r ) ( e–r/H , Tcor > 106 K !


heating source: convective motions in the photosphere

potential transport agents:
sound waves (insufficient!)


(Alfvénic?) MHD waves


magnetic reconnection

The Solar Wind: Early History

· Biermann [1951]: All comet tails point away from the Sun. Radiation pressure? Insufficient! ( radial outflow of gas suspected (v ( 500...1500 km/s)


· Chapman [1957]: static, spherical model of solar env.


coronal Temperature :  
Tcor ( 106 K @ r =(1+() RSun

heat conduction of H+ : 
( ( T 5/2  [Spitzer 1962]

[image: image4.png]02 04 r / Ro 0.6 0.8 1




[image: image5.png]


[image: image6.png]



    


   [+] agrees with observation, esp. T​ (r=1 AU ( 2 ( 105 K


· Parker [1958]: Generalize to  ( (T n , n ( [0.5, 2.5]
[–] Problems: consider

          (rp = – (GMSun/r 2    and    p = (kB/m) ( T       

(
· p( := p(r(( >> pinterstellar  (n = 0.27 needed!)


· p( > 0, T( = 0 ( ((r ) ( (  as  r ( ( !


( no static equilibrium!
( Try dynamic extension to v ( 0


The Sun’s Magnetic Field

solar B field
· large-scale, L = O(RSun), B ( 0.1 mT   X
· small-scale, L = 102...4 km, B ( 0.1 T

· [image: image7.png]



· [image: image8.png]


Assume SW with ( ( 0 and constant radial outflow ( v(r,(,() = u er – r ( e( in the rotating frame

“frozen field“ condition ( B wound up on Archimedic spirals on cones of ( = const.
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Pneuman & Kopp [1971]:
Assume (( = 0 and solve

( (v ( () v = –(p + (-1 (( ( B) ( B – ( G MSun /r 2 er

( ( (v ( B) = 0

( ( (( v) = 0

p = (kB/m) (T0

for  B dipolar at r = RSun
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field line configuration
v [km/s]


open
„coronal hole“
( 800
“fast SW“, steady

closed
„helmet streamer“
( 400
“slow SW“, variable

(Note: ( ( B = 0  (  equatorial current sheet)

· Solar Cycle:  (P ( 22 a)
· change of global activity (sunspots, ...)

· reversal of B field polarity

Minimum: 
“dipolar“ structure (2 cor. h.) ( 2dim ok!

Maximum: 
( 12 coronal holes ( 3dim required!

Existing models


· are 2dim or less

· lack self-consistency or

· make other simplifying assumptions.

(
create self-consistent, fully 3dim SW-model

that is valid through the entire solar cycle!

[image: image11.png]02 04 r / Ro 0.6 0.8 1




novel effects:

· collision of slow/fast SW
( shock fronts (“CIRs“)

· differential rotation
( shearing effects

· deformation of neutral sheet(s)

[image: image12.png]Convective Zone

Radiative Zone
’*ﬁf o8 ——

Radiation Photosphere

Convection




[image: image13.png]



Working Plan

· model the “quiet“ Sun (test case)

· model the  active Sun  with N > 2 coronal holes   X
· prescribe number, size, location (relative to (), shape and strength of (actual?) coronal holes at r = RSun
· deduce resulting topological structure at r >RSun
· [image: image14.png]T/T,



How do “disturbances“ (CMEs) propagate outwards?

Coronal Mass Ejection := violent detachment of helmet structure; MCME ( 1013 kg, (CME ( 0.2 ... 3.5 per day

Description of Envisaged Model


· Two fluid components (e– / p+) with Te ( Tp
· quasi-neutral: ne ( np =: n  (  ( =n (mp + me) ( n mp
· mono-atomic ideal gas:  p =n kB (Te + Tp)  (  ( = 5/3
· (t ( 0  for 1. CME investigation and 2. numerics (?)

· full energy equation (incl. wave heating)

� EINBETTEN Equation.3  ���





� EINBETTEN Equation.3  ���
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