
Our star, the SUN



Gross properties

1) Measure the distance
to Venus,

2)  Infer the distance 
to the Sun



Mass and luminosity

1) Use Newton’s law to 
derive Sun’s mass

2)   Use inverse square law to
determine luminosity



Temperature and composition



Solar rotation

Differential rotation:
faster near the equator, 
slower near the poles



Photosphere and sunspots

Galileo



Sunspot cycle

granulation



Magnetic activities



Structures in the Photosphere

• Granules: About 1000 km across.  
Highest layer of convection in the 
Sun.  Last 5-10 minutes.

• Supergranules: About 30,000 km 
across.  Caused by deeper, larger 
convective cells in the Sun.

• Sunspots:  Cooler (by about 500 K) 
areas, where the magnetic field is 
especially strong.  Occur in pairs.

A complex region of sunspots



Dynamo model



Maunder Minimum



Solar chromosphere & flares



Structures in the Chromosphere

• Spicules:  Jets of gas, associated with the 
edges of supergranules.

• Filaments and Prominences:  Eruptions of 
gas, following magnetic field lines.  Associated 
with sunspots.

Spicules outlining 
supergranules

An unusually large 
prominence

Filaments, as seen 
when viewed through 
an Haaaa filter



• Flares:  Large eruptions of gas, 
caused the the release of 
magnetic energy.  Can disrupt 
telecommunications and cause 
power outages on Earth.

The temperature reaches a 
minimum of about 4000 K in the
chromosphere, but then begins to 
rise again.

Large prominence, showing patter of 
magnetic field lines.

Evolution of a Solar flare



corona

Eclipse
1097
Chicocanyon



Solar internal structure 
Hydrostatic equilibrium



heat transport

Conduction
through electrons

Convection
through motion

Radiation
through photons



Radiation transfer



Solar oscillation



Helio-seismology



Energy source

• Chemical reactions?
– If the Sun were literally burning fuel, like wood or gasoline, it 

could only survive for perhaps 50,000 years.
– We know that humans have been around for longer than this.

• Gravitational contraction?
– If the Sun were slowly contracting, it could survive by turning 

gravitational energy into heat for one to ten million years.
– We see many fossils that are much older than this.

• Nuclear reactions?
– Nuclear fusion is the only energy source capable of heating the 

Sun throughout its 4.5 billion year lifetime.



The proton-proton cycle

Key: proton neutron

deuterium neutrino

positron

before after

Helium-3

Gamma ray

This is the cycle by which the Sun generates its energy.  The net result 
of the cycle is to combine 4 protons to form one helium atom.  It 
takes several steps.

1)

2)



Rate and amount of energy
During these reactions, 0.7% of the mass of the 

original hydrogen atoms is lost, and converted 
into energy according to the Einstein relation:

E = mc2

To generate its energy, the Sun converts 4 million 
tons of matter into energy each second.  Even so, 

it has enough fuel to survive for 10 Gyr.



NecessaryconditionHow does the energy 
get out?

In order that it can have nuclear reactions, the core of the Sun must 
be:

• Hot, so that the collisions are frequent, and the nuclei get close 
enough to interact with each other.

• Dense, so that the collisions are frequent.



neutrino



Stellar evolution


