
  

Solar wind

● First ideas on non-electromagnetic Sun-Earth connections 
in  19th century

● Chapman (1929): solar flares emit plasma clouds?
● cause of magnetic disturbances
● how would they escape from the solar g-field?

● escape velocity 618 km/s → proton energy 2 keV ~ 20 MK!

● Bierman: comet tails deflected a bit from the anti-sunward 
direction → corpuscular radiation with speed << c

● Alfvén: flow has to be magnetized
● In-situ discovery of the solar wind

● Lunik III and Venus I
● Mariner II



  

Chapman's static coronal model

● Assume:
● gas is at rest
● heat flux                  constant. Thermal conductivity

● Solution:

● Hydrostatic equilibrium:

● IDG →

● Too large compared to p
IS
 → expansion
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Parker's model of the solar wind
● Radial, isothermal expansion:



  

Energy balance

● Steady-state: divergence of energy flux vanishes

● Inner corona:
● below T-maximum, heat flux inwards
● balanced by radiative losses (H-alpha)

● Outer corona:
● above T-maximum, heat flux outwards

● Chapman: only this part included
● Parker: neglect of T-gradients altogether

enthalpy = ρ(U + p/ρ) radiative losses heating sources



  

Energy considerations

→

SW observations:

Solar wind energy far from the Sun:



  

Parker's model for the IMF
● Magnetic field easy to describe in the corotating frame K''
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Angular momentum and torque

● Above, we considered the motion of a free plasma parcel and 
made use of the conservation of angular momentum

● In reality, J×B force exerts a torque to the plasma parcel

→

→

angular momentum per unit mass

time-integrated torque
exerted by the Sun on the
SW via the magnetic field



  

Alfvén radius and magnetic 
breaking
● We derived

● Define Alfvénic Mach number as

Critical point,             , at Alfvén radius 
● Close to the Sun                 corotation
● Far from the Sun
● Thus,      is an effective lever arm for magnetic breaking







sector structure



  

Ulysses observations of fast and 
slow solar wind (solar minimum)



  

Solar wind structure from 
minimum to maximum
● The stream structure with fast 

and slow wind is very clear during 
solar minimum

● large polar corona holes →

● large regions of fast wind

● During solar maximum, clean fast 
streams are much rarer

● coronal holes smaller in size 
and distributed more 
randomly on the solar surface
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Corotating interaction regions

● Coronal hole boundaries are not 
aligned with latitudes
● slow solar wind is caught up by a 

trailing faster stream

● two shock waves (forward and 
reverse) form

● the region between the shocks 
called a corotating interation region 
(CIR)

● structure is stable for many solar 
rotations in the frame co-rotating 
with the Sun

● CIRs form at radial distances 
between 2 – 5 AU from the Sun
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Heliospheric structure
● The solar wind expands up to r ~ 

90 AU as a supersonic radial flow
● supersonic flow can have no feeling 

of the surrounding interstellar 
medium →

termination shock 

● Voyager 1 crossed it in Dec 2004, V2 
in Sep 2007

● Heliopause
● surface separating the sub-sonically 

flowing solar and interstellar (IS) 
plasmas

● Bow shock
● as the heliosphere probably has a 

supersonic velocity wrt. the LISM, a 
bow shock is formed



  

Heliopause position – an 
estimation

→
n

pG
 < 0.1 cm–3 , V

G
 ~ 25 km/s

→ r
HP

 = 115 AU;  Too large? (MHD: r
TS

 = 2/3 r
HP

)

Thus, probably total pressure in the IS medium is less than 0.1 pPa!


