
The Sun and Space Weather 

•  Violent activity can occur in regions near sunspots. 
•  A prominence is a huge loop of gas arching above the surface. 



The Sun and Space Weather 

•  When seen from above, a 
prominence looks like a 
dark crack called a filament. 

•  A Plage is a hot spot where 
sunspots will later form. 

1. Amazing video of massive solar flare erupting from surface o.flv 
2. Solar Prominence Eruption (JHelioviewer_ SDO AIA).flv 



Solar Flares 

•  Violent activity can occur in 
regions near sunspots. 

•  A solar flare is a giant eruption of 
particles and radiation. 

•  The radiation and particles can 
interact with the Earth’s upper 
atmosphere, disrupting satellite 
communications and power grids. 

•  Solar flares are associated with 
sunspot groups. 



A Coronal Mass Ejection 

An X-ray image of a 
coronal mass ejection 
from the Sun taken by 
SOHO. 

A few days later, gases from the CME are deflected by Earth’s magnetic field 
(blue). Some particles leak Earthward, causing aurorae, disrupting radio 
communications and electric power transmission, damaging satellites, and 
ejecting some of Earth’s atmosphere into interplanetary space. 



A Coronal Mass Ejection  
Quebec, 1989 

Most significantly, at about 2:45 A.M. local time on Monday, March 13, 
Canada's Hydro-Québec power utility’s grid crashed when safety 
systems sensed a power overload caused by the currents pulsing through 
the ground. The failure knocked out electricity to six million people 
in northeastern Canada for as long as nine hours—the biggest outage ever 
caused by a geomagnetic storm. 

On March 10, 1989, a CME about the size of 36 Earths erupted from the 
Sun's roiling surface and ripped through space at a million miles (1.6 
million kilometers) per hour. Two days later, the torrid gas cloud crashed 
against Earth’s magnetosphere which partially deflected the solar wind.  



How can the Sun produce so much 
energy, will it ever run out ?? 
§  The rate of Energy Output of the Sun is: 

4x1026 Watts 
That’s like 4 trillion trillion 100W light bulbs! 

Black Body Formula for Brightness  
 
 

 
Q. What is the energy source of the Sun that can 

produce this enormous energy output? 
(The age of the Sun is 5 Billion years) 

L =! (4"R2 )T 4



What is the Energy Source of the 
Sun? 

•  Chemical energy (e.g. burning wood, combining 
hydrogen and oxygen to make water, etc.).   
§  Solar lifetime = up to only 30,000 years, depending on 

the reaction.  Too short!  
•  Gravitational settling (Sun is slowly shrinking, falling 

material compresses stuff below, releasing heat). 
§  Solar lifetime up to 30 million years. Too short, 

although this point was not obvious in the late 1800s. 

•  Nuclear Fusion: (1938) fusion of light elements (as in 
a hydrogen bomb). The making of Helium from Hydrogen. 
§  Solar lifetime = billions of years! 

 

E=mc2	




Nuclear Fusion: The energy source of the Sun 
The Sun makes Helium out of Hydrogen 

           Start with 4 Hydrogen atoms (just 4 protons) 

 
 

End with 1 Helium Atom (2 protons, 2 neutrons) 

E=mc2	




Nuclear Fusion – The energy source of the Sun 

•  Summary: 4 hydrogen nuclei (which are protons) combine to form 1 
helium nucleus (which has two protons and two neutrons). 

•  Extremely high temperatures and densities are needed! The temperature 
is about 15 Million K, and the pressure about 300 Billion atmospheres, 
at the core of the Sun. 

•  Why does this produce energy?  
§  Before: the mass of 4 protons is 4 proton masses. 
§  After: the mass of 2 protons and 2 neutrons is 3.97 proton masses. 
§  So there is a bit less mass in the end than there was before. 
§  Einstein: E = mc2.  The missing mass went into energy!   

4H ---> 1He + energy 
 

–  The total mass loss in the Sun is about 10 Billion pounds/second! 



Nuclear Fusion of elements Heavier than H 
•  Fusion creates elements all the way up to Iron. 
•  As you fuse heavier elements up to iron, higher and higher 

temperatures and pressures are needed since more and more electrical 
charge repulsion needs to be overcome. 
–  Hydrogen nuclei have 1 proton each 
–  Helium nuclei have 2 protons each  
–  Carbon nuclei have 6 protons each 
–  Iron has 26 protons 

•  The Sun is presently mainly only fusing hydrogen into Helium since it 
is not quite hot enough to fuse helium into Oxygen and Carbon. 



Nuclear Fission Reactors on Earth 
Breaking BIG atoms into smaller ones 

Fission is how Nuclear 
reactors produce energy 
on Earth. Fission does not 
occur in stars. 
 
There has never been an 
operating Fusion reactor 
on Earth.	




Solar Structure Models 

•  The Sun is mostly hydrogen and helium. 



The Interior of the Sun 

•  Thermonuclear reactions occur in the Sun’s core, which extends to a 
distance of 0.25 solar radius from the center. 

•  Energy from the core radiates outward to a distance of 0.7 solar radius. 
Convection is responsible for energy transport in the Sun’s outer layers. 



Hydrostatic Equilibrium 

•  The Sun (and other stars) does not 
collapse on itself, nor does it expand 
rapidly. Gravity and internal pressure 
balance.  This is true at all layers of the 
Sun. 

•  The Sun is stable because the upward 
pressure from the super hot interior 
balances the downward pressure from 
gravity. 

•  The temperatures and pressures 
increase as you go deeper and deeper 
into the Sun! 



Key Terms in Chapter 8 

chromosphere 
convective zone 
core (of the Sun) 
corona 
coronal mass ejection 
differential rotation 
filament 
granule 

helioseismology 
hydrogen fusion 
hydrostatic equilibrium 
limb darkening 
Photosphere 
plages 
prominence 
radiative zone 

solar flare 
solar wind 
spicule 
sunspot 
sunspot maximum 
sunspot minimum 
thermonuclear fusion 



CHAPTER 9	

Characterizing Stars	


	

1.  Distance to Stars 
2.  Brightness/Temperature of Stars 
3.  Classification of Stars based on Brightness/

Temperature 

Star Size Comparison: 
http://www.youtube.com/watch?v=HEheh1BH34Q 



Star Properties 
•  There are many different kinds of stars in the universe. 
•  In order to understand them, we want to try and measure as many 

properties about them as we can: 
§  Distance from Earth 
§  Brightness 
§  Temperature 
§  Radius, Mass 
§  Chemical composition 

Bwest-Adam-Zoe.JPGStone-Miller (1).jpg	




Distance to (close) Stars – Parallax Method 

•  The largest baseline one can obtain is the orbit of the Earth! 
•  When viewed at 6 month intervals, a relatively nearby star will 

appear to shift with respect to distant stars.  
•  d is the distance from the earth to the star, in parsecs, which is 3.26 

light years. 
                                                  d=1/p  
•  p is the angle measured in arcseconds. (1”=1/3600 Degree)   



Example of using Parallax to find 
Distance to a star. 

•  We measure the change in position of Proxima Centauri, relative to 
the stationary background stars, at two times 6 months apart. We 
find that Proxima Centauri moved by an angle of 0.77”. We then use 
the formula  d=1/p to find: 

 
d=1/p=1/0.77=1.30 pc (or 4.24 light years) 

 
•  Note that the further the star is, the larger d is and then the smaller 

the parallax angle p is. Imagine that a star was 1000pc’s from us, the 
parallax angle would be p=1/d=1/1000=0.001”, which is to small to 
measure.  

•  This method only works for the closest stars, ones with d<150pc.  
 



Magnitudes as a Measure of Brightness 

•  Historically (e.g. Hipparcos in the First Century), the brightness 
of stars as seen by the eye have been measured on a magnitude 
scale: 
–  The brightest stars were “first magnitude”. 
–  The faintest stars were “sixth magnitude”. 

•  Brighter objects have smaller magnitudes. 



Apparent Magnitude m Scale  
the brightness as seen from Earth 

•  An increase of 2.51 in brightness corresponds to a 
decrease of 1.0 in magnitude. 

 
•  An increase of 100 in brightness corresponds to a 

decrease of 5 in magnitude. 
 

m 	


The smaller the number, 
the brighter the star 



Brightness Problem 

•  If we just look from Earth and describe a star’s brightness, we’re 
missing something. 

•  For example, although it looks like Sirius is a ‘brighter’ star than 
Bellatrix, in fact Bellatrix is about 250 times brighter than 
Sirius, it’s just much much further away! 



Brightness Problem 
•  Just by observing the star’s brightness from Earth, we can’t tell 

whether it’s a close, small star, or a distant, big star. 
 

These two stars appear from Earth to be the same size and brightness	




Apparent Brightness depends on distance 

•  The car’s headlights give off 
the same amount of light no 
matter where you stand. 

•  Obviously you will see more 
light if you are closer, so the 
apparent brightness 
depends upon how far you 
are from the headlights. 



Solution to Brightness Problem 

•  We really need a second measure of brightness, called the 
Absolute Magnitude M, which is a measure of brightness 
from a fixed distance d from the star. (chosen to be d=10pc).  

•  Apparent Magnitude m is how bright a star is as seen from 
Earth. 

 
    

          M 
 
 

      d=10pc 

M is the brightness you would 
measure if the star was 10 pc’s 
from the Earth.  
 
Since now every star is the same 
‘distance’ from the Earth, you can 
compare M’s to see which stars are 
actually more or less bright.	




The Absolute Magnitude and the 
Distance-Magnitude Relationship: 

           

€ 

d =10 1+0.2(m−M )[ ]

Remember d is in pcs, and 1 pc =3.26 ly 

•  An increase of 2.51 in brightness corresponds to a decrease of 1.0 in magnitude.  
•  An increase of 100 in brightness corresponds to a decrease of 5 in magnitude 

M =m! 5Logd + 5

•  The Absolute Magnitude M is a measure of the intrinsic 
brightness of a star. 

•  The Absolute Magnitude M can be calculated from the Earth 
measured apparent magnitude m, and the known distance to the 
star d using the Distance-Magnitude Relationship 

 
 


