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The Outline  

Å Dynamic solar atmosphere 

Å Linear MHD Waves 

Å Heating in the solar atmosphere 

Å Space Weather 
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Why Bother? 
Modern Physics Č Plasma Physics  

 
Solar and stellar interiors are composed 

of ionised plasma ï and hence are 

excellent conductors of electricity 

 

In fact, 99.9% matter of Universe 

is in plasma state! 

 

ST system is a natural plasma 

laboratory Ągeo-, astro- and 

tokamak physics,  

 

To explore space plasmas waves, in 

general, are excellent diagnostic 

tools!!! 
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Dynamic solar atmosphere 
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Dynamic solar atmosphere 
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¤ more than 100,000 

pulsation modes 

¤ single mode    

¤ three modes   

¤ many modes   
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Dynamic solar atmosphere 
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Visible 

5000 K 

Magnetic field 

5000 K 

UV 1600 Å 

8000 K 

HŬ 

15,000 K 

He EUV 

50,000 K Fe VIII/IX EUV 

1 MK 

Fe XI 

1.5 MK 

X rays 

4-6 MK 

Fe XIV 

3 MK 

Å Highly inhomogeneous 

Å Ubiquitous magnetic field 
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Dynamic solar atmosphere 
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Dynamic solar atmosphere 
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Å Visible surface of the Sun 

Å Only º 100 km thick 

Å Temperature º 6000 K  
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Dynamic solar atmosphere: Photosphere 
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Dynamic solar atmosphere: Photosphere 
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Dynamic solar atmosphere: Solar Cycle 
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Aert van der Neer [1603/4 - 1677] Sports on a Frozen River, ca. 1660 
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Dynamic solar atmosphere: Solar Cycle 
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Rigozo et al., 2001, Solar Physics 
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Dynamic solar atmosphere: Solar Cycle 
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Dynamic solar atmosphere: Chromosphere 
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HŬ Image from the Big Bear Solar Observatory, California 

¶Solar spicules are thin, hair-like jets of gas seen on 

the solar limb in chromospheric emission lines 

¶They occur predominantly at supergranule 

boundaries and appear to be guided along the intense 

magnetic flux tubes gathered there 

¶Typical properties are: 

 

 

 

 

 

 

 

 

 

 

¶Some spicules display rapid rotation about their 

axis, typically of the order of 25km s-1 

¶The spicule rise is probably not ballistic, although 

the evidence for this is not conclusive 

Width 200-1000km 

Height 5000-10000km 

Lifetime 5-15mins 

Axial Velocity 20kms-1 

Temperature 5000-15000K 

Density 0.5-2.5kgm-3 
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Dynamic solar atmosphere: Spicules 
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Dynamic solar atmosphere: Tornadoes 
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Dynamic solar atmosphere: Tornadoes 
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Active prominence 

Non-active prominence 

Dynamic solar atmosphere: Prominences 
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Dynamic solar atmosphere: Coronal Loops 
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SOHO/TRACE examples (mainly TR and higher)  
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Dynamic solar atmosphere: Coronal Loops 
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SOHO/TRACE examples (mainly TR and higher)  
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Dynamic solar atmosphere: Coronal Loops 
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MHD waves in magnetic tubes and slabs 

(structured plasma) 
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Å Linear motions of a compressible cylindrical/slab plasma 

MHD waves in magnetic tubes and slabs 

(structured plasma) 

University of Sheffield 29 Mar 2017  

NAOC, Beijing, China  



Solar Physics & Space Plasma  

Research Centre (SP2RC) 

http://robertus.staff.shef.ac.uk 

  

  

  

  

  

  

  

 

Magnetoacoustic modes 

Modes of identical  

Éparity  

Étransversal structure  

can be distinguished as slow and fast 

modes.  
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Linear MHD waves 


