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Lecture 6 

• Index notation 

• Observational techniques 

• Important contributions to opacity 

• LASP visit 8:30-9:45 
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Summary of previous lecture 

• More on neutrino observations 

• Center to limb variation 

• Maxwell equations 

• Index notation 

• LASP visit 8:30-9:45 



Index notation (1st exposure) 
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Einstein’s 

summation 

convention 

Subscript means 

spatial coordinate 

direction 

  kjijki F F

  kjijki FGFG otherwise  0
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Application (useful for homework!) 
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Divergence and cross product combined: use product rule 
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Kronecker tensor 

A. 0 

B. 1 

C. 2 

D. 3 

E. 4 

what is dii ?? 

d11 =  d22 =  d33 = 1 

and 0 otherwise 
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Levi-Civita tensor 

A. 0 

B. 1 

C. 3 

D. 4 

E. 6 

what is ijkijk ?? 

otherwise  0
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 Also: totally 

antisymmetric tensor 



Observational techniques 

• Daniel K. Inouye Solar Telescope 



Solar Telescopes 

• Daniel K. Inouye Solar Telecope (DKIST) 

• Heating, seeing, active optics, polarization 

 



Opacity 

• Electron scattering 

– EM passes by e-, makes it oscillate 

– It radiates in other directions 

• Free-free transitions, and similar 

– e- passes by an ion 

– absorbs & emits during time ~1/v~T-1/2  

•  Negative Hydrogen ion 

– Neutral ion is polarized by nearby charge 

– Then attracts & binds another e- 

 



T and r dependence, solar model 



Opacity 

• Increases 
toward red 

• Strong 
absorption in 
UV 

• Quadratic 
increase in IR 



LASP visit on Wednesday 8:30-9:45 
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