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Lec 9:  7 FEB 2012 	
ASTR 130 - Introductory Astronomy II            (Chapter 16)	

LAST TIME  - Telescopes & Observatories	


•  Overcoming limitations imposed by atmosphere	


TODAY – The Sun As A Star	

•  Why does the Sun shine?	

•  Why doesn’t it blow itself apart?	

•  Internal Structure.  How do we know?	


Thursday, 9 Feb:	

Exam #1 (Chapters 5,  6,  16-1 through 16-5) 	


Read Chapter 17 for Valentine’s Day	


Some Facts About the Sun	

•  ordinary star: middle age, middle size, middle 

temperature, middle brightness, etc.  One of 100 
billion in our galaxy!	


•  not a binary	

•  huge, nearly constant output of energy; we only 

receive a tiny portion of it 	


4 x 1026 Watts 	


1365 W/m2 	


rotation period: 24 days 
(at equator)	


How Much Energy Does the Sun Produce?	

•  Sun is in a steady-state and in balance 	


–  not varying (much)	

–  not expanding or contracting (much)	


•  And it has been for a very long time         
(4.6 billion years)	


Energy Emitted = Energy Produced	


Luminosity = 4 x 1026 Watts	


•  Remember how solar system formed.  Most of material 
ended up in the center. 	


•   Gravitational collapse -> temperature increases.	


•  Once begun, the fusion 
reactions generated energy 
which provided an outward 
pressure.	


•  This pressure perfectly 
balances the inward force of 
gravity at all levels	


•  This balance is called 
hydrostatic equilibrium	


What Keeps It From Blowing Itself Apart?	
 How Does it Do It?	

•  gravitational contraction provided initial heat 

source (along with accretion energy)	

•  could only “fuel” present output of Sun for 

~100,000 years!	

•  of all known energy sources, only FUSION can 

provide this energy at this rate for > 5 billion 
years	


•  fusion (of light nuclei into heavier nuclei) 
requires high temperature and high pressure to 
begin and to sustain;   why?	
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The Sun’s energy is produced by hydrogen FUSION,     
a sequence of thermonuclear reactions in which              

4 hydrogen nuclei combine to produce 1 helium nucleus.  
This is known as the proton-proton chain.	


The net effect is:���

4H             1He + Energy	


•  The mass of the 4 Hydrogen nuclei is greater 
than the mass of the 1 Helium nucleus	


•  The mass difference is converted to energy.	


E = mc2 
600 million tons of Hydrogen to Helium per second for 10 billion years	


•  The Sun’s interior is opaque, we can not see directly into it	

•  We can construct mathematical computer models of it.	


•  grids of temperature, pressure, & density vs. depth	

•  these values are calculated using known laws of physics	

•  they are tested against the Sun’s observable quantities	


•  We can indirectly measure 
sound waves moving through 
the interior	


•  these can be used to probe 
conditions in the interior of the 
Sun	


“Observing” the Solar Interior	

•  Helioseismology is the 

study of how the Sun’s 
“surface” vibrates up and 
down	


•  These vibrations have 
been used to infer 
pressures, densities, 
chemical compositions, 
and rotation rates within 
the Sun 	


•  There might be another 
way to see all the way into 
the core … neutrinos!	


Helioseismology	


Neutrinos	

•  produced in fusion reactions	

•  “little neutral” particles; 

energetic (fast)	

•  don’t interact with atoms, 

molecules, nuclei, very well	

•  therefore fly straight out of 

the Sun in all directions	

•  almost impossible to stop, but 

a tiny fraction can be caught 
in a detector	


•  only about 1/3 as many as 
expected!	



