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Lec #27:  26 October 2011                             Case Study of “Our Star”	

I.  The Solar Atmosphere	


–  Photosphere	

–  Chromosphere	

–  Corona	


II. Magnetic Activity	

–  Spots, Plage, Spicules, Flares, CME’s	

–  The Solar Cycle	

–  Rotation and Differential Rotation	

–  Impact of Solar Activity on Earth’s Climate	


Some Notes About Atmospheric 
Modeling and Spectrum Synthesis	


•  radiative transfer equation	

–  plane parallel geometry	


•  steady-state & LTE	

•  hydrostatic equilibrium	

•  radiative equilibrium	


•  ν-dependent opacity	

•  spherical geometry	

•  not LTE	

•  flows, magnetic fields	

•  abundance anomalies	


The “Easy” Part	
 The Hard Part	


Atmospheric Models & Synthetic Spectra:	

   ATLAS – Kurucz; Castelli & Kurucz	

   PHOENIX – Hauschildt 	

Synthetic Spectra Only:	

   SYNSPEC – Hubeny & Lanz	

   SPECTRUM - Gray	


Source Function	

• with dτν = αν ds     and  Sν = jν / αν	

•  RT Eq (dIν/ds = jν - αν Iν)   can be written as:	


dIν/dτν =  -  Iν + Sν	

–  I approaches S	

– S --> Bν (“thermal emission”)	

– determining S is equivalent to solving RT eq 	

– but it can involve integrals, differentials 	

– and lots of physics	


Photosphere	


•  τ = 2/3	

•  limb darkening	

•  emergent spectrum	

•  visible light	

•  continuum	

•  granulation	


I.   The Solar Atmosphere	


Sunspots are low-temperature 
regions in the photosphere	


Videos...	
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Sunspots are regions of strong 
magnetic field	


Chromosphere:     Hotter than the Photosphere!	


Corona:    almost as hot as the core!	
 Coronal Holes	
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II.  Solar  Magnetic Activity	

•  Photosphere:  

visual 
sunspots 

•  Chromosphere: 
H-alpha & UV 
plage & spicules 

• Corona: 
X-ray 
loops & streamers 
flares 

•  Solar Wind: 
charged particles 
coronal mass ejections 

Solar Flares	

Coronal Mass Ejections	


Earth Is Shown For 
Size Comparison 
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Videos...	


The Solar Cycle	
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•  Sunspot number and all other activity indicators vary 
over an 11-year cycle	


•  Magnetic polarity varies over a  22-year cycle	

•  Spots emerge at high latitude early in cycle, near equator 

at end of cycle  (“butterfly diagram”)	


Sunspots allow us to 
measure surface 
rotation rate	


Video...	


Differential Rotation	

1.  w/ latitude: 25d @ equator; 36d @ poles	


2.  w/ depth: from base of convection zone 
out... increase or decrease w/ depth 
depending on latitude	


Effects of Solar Activity on ���
Earth’s Environment	


power grids 
pipelines 
radio communications 

spacecraft health 
astronaut health 
airline passenger health 

aurorae 
evolution of life 
climate??? 

•  Correlations between activity and climate are 
highly suggestive, but what is the mechanism?	
 Some correlations could be spurious:	


Number of Sunspots vs. # of Republicans in US Senate 


