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The solar wind, 1st hints of it 

• Carrington - 1859 

The 'Carrington Event' of 1859 Recorded 
at Greenwich Observatory, London 

Carrington noticed two rapidly brightening 

patches of light near the middle of a sunspot 

group he was studying (A and B). In the 

following minutes the patches dimmed again 

while moving with respect to the active region, 

finally disappearing at positions C and D.  

This unusual event was also 

independently observed by R. 

Hodgson, another British astronomer.  



~1930: Early calculations gave hints that the temperature of 
the solar corona should be very high because of the way it 
extends into space. 

The solar wind, 1st hints of it 

 “The Earth is being continually bombarded by rays of 
electric corpuscles emitted by the Sun” 

~1900: Fitzgerald, Eddington, Birkeland suggested continuous 
flow of particles from the Sun. 



The solar wind, 1st hints of it 

Lyot, with his coronagraph, calculated it to be 600 000 K (this 
was not accepted quickly). 

Spectroscopy explained that the until then element called 
“coronium” did not need to exist, the high coronal 
temperatures could be explained by the emission from highly 
ionized Fe. 

In the 1950s Chapman calculated the properties of a gas at 
such a temperature: it would be such a superb conductor of 
heat that it must extend way out into space, beyond the 
orbit of the Earth 



The solar wind, 1st hints of it 

• 1940-50s Biermann noticed that comet tails always points away from the sun. He 
postulated that this happens because the sun emits a steady stream of particles 
that pushes the comet tail away. 

• He suggested that gas is often flowing radially outward from the Sun in all 
directions from the sun with velocities ranging from 500 to 1500 km/s 

 

 

 

 



The solar wind, 1st hints of it 

Biermann, 1957 



The solar wind, 1st hints of it 

Biermann, 1957 



History of the solar wind discovery 

• Parker realized that the heat flowing from the sun in 
Chapman's model and the comet tail blowing away from 
the sun in Biermann's theory had to be the result of the 
same phenomenon. 
 

Parker performed the calculations to show that even though the sun's corona is 
strongly attracted to the sun by solar gravity, it is such a good conductor of heat 
that it is still very hot at large distances from the sun.  

In any atmosphere, the average velocity of atoms, molecules and ions depends on their 

temperature. Since gravity weakens as distance from the sun increases, the outer coronal 
atmosphere escapes into interstellar space. 

Parker, 1958 



History of the solar wind discovery 



Parker solutions for the solar wind 



The Parker spiral 



History of the solar wind discovery 

In the 1960s the theory was 
confirmed through direct satellite 
observations of the solar wind, 
which also made it possible to 
explain magnetic storms, auroras, 
and other solar-terrestrial 
phenomena.  

The paper on it he submitted to the Astrophysical Journal in 1958 was 
rejected by two reviewers. It was saved by then editor Subrahmanyan 
Chandrasekhar, who received the 1983 Nobel Prize in physics. 

It explained how things happening 
on the Sun were related to others 
happening at the Earth a few days 
later. 



Parker theory and recent observations 



The solar wind made visible 



Two types of solar wind 

McComas et al. GRL, 2008 



Two types of solar wind 

McComas et al., 2008 

Rodriguez, 2005 



Two types of solar wind 

CIR: Corotating Interaction Region 



Heliospheric magnetic field variation 

McComas et al. 2008 



Changing corona and solar wind 

McComas et al. 2000 



The filamentary structure of the solar wind 

R. Schwenn 



The solar wind at the Earth 

• The solar wind shapes the Earth's magnetosphere and supplies energy to 
its many processes.  
 

• Its density at the Earth's orbit is around 5 ions per cubic centimeter--far, 
far less than that of the "best vacuum" obtainable in labs on Earth.  
 

• The distribution of ions in the solar wind generally resembles the 
distribution of elements on the Sun-- mostly protons, with 4% helium and 
smaller fractions of oxygen and other elements. 

Schwenn, 2000 



Going 3D 

Alfven, 1977 



From solar wind to heliosphere 



The heliosphere 

The heliosphere is created by the solar wind and its 
interaction with the interstellar medium 

file:///c:/Stuff/OneDrive/Presentations/1805-BasicSIDC/Heliosphere II.avi


Energetic particles in the heliosphere 

 

• Solar Cosmic Rays (SCR) occur  

 
1. in connection with flares, with some 100 MeV, rarely up to GeV, 

2. at shock fronts 

• CME driven, 

• at planetary bow shocks, 

• at shocks at Corotating Interaction Regions (CIRs) 

 

• Galactic Cosmic Rays (GCR) are 

 
1. energetic particles accelerated outside our solar system, i.e. in our galaxy or 

outside, with energies up to 10 21  eV.  

2. The „Anomalous Component of Galactic Cosmic Rays“ (ACR). 

 

 



The modulation of GCR 

Shen and Qin, 2017 

Zhao et al., 2014 



The modulation of GCR 

These large-scale shells of 
turbulent plasma in GMIRs 
surround the whole Sun and 
are rather efficient in shielding 
the heliosphere from GCRs. 

At very large distances from 
the Sun, the CIRs and transient 
flows from CMEs form „global 
merged interaction regions“ 
(GMIRs).  



The Anomalous Cosmic Radiation (ACR) 

The origin of the„anomalous“ component 
of the cosmic radiation (ACR): 

 
1. Interstellar neutral particles penetrate 

the inner heliosphere. 
2. They become singly ionized by solar 

UV radiation. 
3. The ions are picked up by the solar 

wind and swept to the outer 
heliosphere. 

4. At the termination shock they are 
accelerated to some 10 MeV/nucleon. 

5. They may enter the inner heliosphere 
again and appear as ACRs. 



A surprise at high latitudes 



A new understanding of the heliospheric B 



A new understanding of the heliospheric B 

• Different axis orientation 
• Differential rotation 



A new understanding of the heliospheric B 

Fisk, 1996 



The heliosphere boundaries 



The heliosphere boundaries 



The Voyagers 



The Vs in real time 

https://voyager.jpl.nasa.gov/mission/ 



Voyager 1 reaching interstellar space 



The Voyagers in real time 



The termination shock crossing of V1 

December 15, 2004 @ 94 AU 



The termination shock crossing of V2 

August 30, 2007 @ 84 AU 



And into interstellar space… 

Burlaga and Ness, 2014 



And into interstellar space… 

• Energetic particles are also showing the boundary.  
• Density derived from plasma waves is consistent with models.  

Richardson and Burlaga, 2013 

V2 should provide final confirmation ! 



Summary 

• The solar corona expands into space through the solar 
wind. 

• Between 1859 and 1958, the observational and theoretical 
foundations of the solar wind were laid down. 

• The solar wind fills the heliosphere with plasma and 
magnetic fields. 

• It affects the Earth and life on it, and the other planets and 
solar system bodies. 

• The solar wind has different characteristics depending on 
its source region at the Sun and the interactions it 
undergoes. 

• The heliosphere is shaped by the interstellar medium. 
• We know where the heliospheric boundaries are and we 

have a glimpse of what lies beyond. 
 
 
 
 



Further reading 

• https://news.nationalgeographic.com/news/2003/08/0
827_030827_kyotoprizeparker.html 

• http://www.astro.umontreal.ca/~paulchar/grps/histoir
e/newsite/sp/great_moments_e.html 

• https://www-
spof.gsfc.nasa.gov/Education/wsolwind.html 

• https://www.tcd.ie/Physics/people/Peter.Gallagher/lec
tures/ss_sss/PY4A01_lecture18_solar_wind.ppt 

• R. Schwenn, H. Peter et al. lectures at: 
http://www.mps.mpg.de/solar-system-
school/downloads 

• Solar Wind: Global Properties (Schwenn, 2000) 
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