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19th Century : The interplanetary space is void
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Today : Heliosphere is formed by the Solar Wind
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Observations : Aurora Borealis - Terella Experiment

1859 : Richard Carrington – Related observed flare to geomagnetic storm
~1895 : Kristian Birkeland – Transient Solar ions and electrons 
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Observations : Comet Tails

1951 : Ludwig Biermann – Suggests continuous Solar Wind 
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First Model of the „Solar Wind“   

04.10.1957 : Soviet Sputnik 1 – Beginning of Space Age
1958 : Eugene Parker – Suggests Solar Wind model

  Predicts Parker Spiral 
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Observations : First in-situ measurement 

1959 : Soviet Lunar2 rocket confirmed stream of ions 
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Observations : First measurement of plasma parameters

1962 : American Mariner2 measures speed and temperature 
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What can we learn from the Solar Wind ?
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Observations : 10 Years ACE 2001-2010

Mean Plasma Parameter

V
sw

 = 441 ± 111km/s

D
sw

 = 6.2 ± 5.6cm-3

T
sw

 = 89*103  ± 84*103 K
v

th,sw
 = 25 km/s ± 11 km/s

B = 5.45 ± 3.2 nT
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Observations : 10 Years ACE 2001-2010
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Observations : 10 Years ACE 2001-2010
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Observations : 10 Years ACE 2001-2010
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Observations : 10 Years ACE 2001-2010



Lars Berger
berger@physik.uni-kiel.de

15 

Observations : 10 Years ACE 2001-2010 – Solar Cycle Variation
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Observations : 10 Years ACE 2001-2010

From http://www.srl.caltech.edu
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Observations : 10 Years ACE 2001-2010 – Solar Cycle Variation
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Observations : 10 Years ACE 2001-2010 – Solar Minimum
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Observations : 10 Years ACE 2001-2010 – Solar Maximum
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Origin of the Solar Wind : Ulysses 
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Origin of the Solar Wind : Ulysses 1990  
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Origin of the Solar Wind : Solar Orbiter - Linking in-situ and remote observations 
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Origin of the Solar Wind : Solar Orbiter - Linking in-situ and remote observations 
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Solar Orbiter - Linking in-situ and remote observations (Martin Kruse)
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In-situ observations – Composition of the Solar Wind (Verena Heidrich-Meisner)
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Origin of the Solar Wind : In-situ observations – Composition of the Solar Wind
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Non thermal features
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Non thermal features – Wave-Particle interaction vs. Coulomb collisions (Nils Janitzek) 
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Non thermal features – Equal thermal speed vs. Equal Temperature (Nils Janitzek)
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Parker Spiral globally – Locally turbulence (Waves, Structures)

2007
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2007

Parker Spiral globally – Locally turbulence (Waves, Structures)
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Parker Spiral globally – Helios 1974 / 1976
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Parker Spiral globally – Locally turbulence (Waves, Structures)
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What is the micro-state of the Solar Wind ? (Jan Steinhagen)

Isenberg et al. 2013
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What is the micro-state of the Solar Wind ? (Jan Steinhagen)
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What is the micro-state of the Solar Wind ? (Jan Steinhagen)
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What is the micro-state of the Solar Wind ? (Jan Steinhagen)



Lars Berger
berger@physik.uni-kiel.de

38 

What is the micro-state of the Solar Wind ? (Jan Steinhagen)

Non Thermal!
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Voyager 1977
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Voyager 1977



Lars Berger
berger@physik.uni-kiel.de

41 

Voyager



Lars Berger
berger@physik.uni-kiel.de

42 

Voyager

Year
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Voyager

Year

Adiabatic Cooling ?
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