
Lecture 10

Solar Wind



Variations on earth’s magnetic fields – geomagnetic storms were found 1-2 days after 
big solar flares.
Chapman (1929) first suggested that the storms are caused by a stream of plasma 
ejected from solar flares traveling at 1000 km/s.
Brermann (1951) first proposed that Sun continuously emits “Solar Corpuscles” and 
making comet tails away from the Sun.
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Chapman Solar Corona Theory

① Energy transported by conduction only 
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② Hydrostatic equilibrium
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which is a constant 

Pressure is too big for interstellar pressure. 

Something must be wrong!

Parker’s Solution

Corona is not static, instead, it is expanding - Solar wind concept

Isothermal:

Mass Continuity

Equation of motion 2
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Please derive 12・7 as a home work
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Adiabatic sound speed
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This is called critical point.

Solution of 12・7 is simple:
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Please derive 12・8 as 2nd part of home work.

This solution is graphically presented in Fig 12.1.
They are divided into 5 classes Ⅰ,Ⅱ,Ⅲ,Ⅳ,and Ⅴ.
A is the critical point.

Solutions Ⅰ & Ⅱ are unacceptable: they have double value and do not 
connect solar surface.

TypeⅢ: Supersonic at Sun – not observed
so only classes Ⅳ and Ⅴ are acceptable.

TypeⅣ: passes through critical point A, and corresponds to value 

ccrratc υυ ==−= ,,3
This type is called solar wind solution at large r,
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TypeⅤ: always subsonic ― Solar Breeze

Large falls off like  
p & ρ are constant at large r
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Many modifications have been added to Parker’s solution to fit observations better 
constant T is a major problem.
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Energy Equation Considering Variation of T
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We get:

Topology of the solution is shown in Fig 12.2

Few solutions:
Parker (1964), constant conduction

Whang & Chang (1965),  kinetic energy dominates,

Durney (1971), conduction flux is negligible, 
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Two Flow Model

Protons and electrons are treated separately.
Two temperatures are introduces.

pe TT &
Then:
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Two separate energy equations
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is a constant ― coupling due to coulomb collision between 
electrons & protons
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Solution is shown in Fig 12.3 ― drops faster.pT



The solution above still has problem. Te is foolish, because of big conduction. 
Then magnetic fields have to be introduced.

Major effects: causes difference in some parameters in ⊥ or ∥ to field 
direction; supports waves; produces micro-instabilities.

The plasma close to the Sun co-rotates with Sun, but becomes spiral away from 
the Sun (Fig 12.4) 

B is inclined at an angle     to the radial plasma velocity. 

is       to B. Its speed relative to the solar surface is                    normal 
to radius vector.

Thus

Magnetic Field Effect
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There is an important parameter: Alfbeń radius, at which flow speed becomes 

Alfvenic.

Magnetic field is strong that it keeps wind rotating with the Sun, so 
plasma’s angular momentum increases as it moves out.
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Magnetic field has no effect, and solar wind keeps conserved angular 
momentum.
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Weber & Davis’s work in spheric polar system:
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Other equations: constrn r =2υ

constp
=αρ (polytrophic law, simplicity assumption)
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Next, 　　component of equation of motion becomesϕ
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L is total angular momentum par unit of mass carried by both mass and 
magnetic field.

Lorentz force changes to torque to solar surface to slow down the Sun. 
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Radial component of equation of motion.

diagram is shown in Fig 12.5.

There are 3 critical points, where flow speeds affairs successively the speed for 
slow, Alfbeń and fast waves. As gas pressure is much smaller than magnetic 
pressure. Alfbeń and fast wave speeds are very close ― if rotation=0. 
Alfbeń and fast mode critical points coincide exactly. Only solutions Ⅰ & Ⅱ pass 
through all 3 critical points. Ⅱ give                        should be excluded. TypeⅠ
gives
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Streamers and Coronal Holes

So far, we assume that solar wind expansion is spherically systematic, but in 
reality, there are two parts of corona:

open field 　 ― coronal hales
closed field  ― coronal loops

Large scale closed loop surrounded by open loop is called streamer (helmet 
streamer, Fig 12.6 a & b).
In such structure, exist current sheet, heating & field jump.

Pneuman – Kopp Streamer Model

Steady axisymmetric coronal expansion with dipole field; Isothermal with 

equations:
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Solution is shown in Fig 12.6 (b).
Field lines are dragged out by solar wind to form a current sheet; at large 
distance field lines become radial.



The model is later modified by replacing the isothermal approximation with a full 
energy equation. This is the problem of solving time dependent MHD equations. 
(See Fig12.7)

Conclusion: center of coronal hole produces a smooth hot, rare, fast flow at large 
distance.

In the current sheet, flow speed is slower and plasma is able to leak out by 
magnetic diffusion.

Coronal Hole Model

In coronal holes, speed of solar wind is higher, the density is lower (1/3 of 
regular corona density)

e.g. 
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would produce flow speed 600km/s.

The corresponding temperature at corona base = 2×106K

In above equations, a new parameter
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Solution is shown in Fig.12.8: There are two extra critical points (× and 0) below 

Θ= Rr 2 For large f max, solar wind becomes supersonic at inner critical point;

)2( Θ< Rr For small f max, solar wind becomes supersonic at out critical
point at ΘR5.4~

Solar wind and corona observations: Skylab,  Ace,  Wind,  SOHO,
Two parts:          shape        SEPsυ,B




