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Spectroscopic Parallax



Temperature – Radius – Luminosity 
Relationship

L = luminosity of the star
R = radius of the star
T = surface temperature of the star
π,σ = constants

424 TRL σπ=



Luminosity Classes

I Super Giants
II Luminous Giants
III Giants
IV Sub Giants
V Dwarfs
The Sun is a Dwarf…



So finally, stars can be classified…

By spectral type (OBAFGKM)
Luminosity class (I,II,III,IV,V)



Betelgeuse: M1 I
Sun: G2 V



L = 4πR2σT4



The Art of Spectroscopic Parallax
1) Measure spectral type
2) Measure mv
3) Determine luminosity class
4) Place on HR diagram
5) Read Mv

Example: Record spectrum of
star and find it is K0 V type

Read off Mv

Determine visual mag, mv

5log5 −=− dMm

100 fold error in d



BINARY STARS
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The masses of the individual stars can 
be calculated.



By gathering the masses of a large variety of 
stars in binary systems a fundamental 
relationship soon became apparent.





Stellar Evolution:

Star Formation



What are the stars made out of?
The Sun is composed of:
element by # by mass

Hydrogen 92% 73%
Helium 7.8% 25%
all others 0.2% 2%

Carbon, nitrogen, oxygen, neon, magnesium, 
silicon, sulfur, iron…



The Interstellar Medium (ISM)
Composed of gas and dust

ALMOST a perfect vacuum!

Gas:

n 99% of the ISM

n 1 atom/cm3 (if spread out uniformly)



The Interstellar Medium
Dust:

n 1% of the ISM

n 1 dust grain per 10 cm3















STELLAR FORMATION

Gas Pressure

Outward

(temperature)

Gravity

Inward

(mass of cloud)
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GRAVITATIONAL CONTRACTION



Stellar Birth



Stellar Birth



Stellar Birth



Stellar Birth



The Pleiades Cluster



What is the source of the Sun’s 
energy?

Recall the Sun’s Luminosity:

390,000,000,000,000,000,000,000,000 watts

nconsumptioofRate

fuelofAmount
Duration =



Historical attempts to explain 
energy production

Chemical Burning (coal, wood, gas)

3,000 years



Gravitational 
Contraction

40 meters/year

50 million years



Albert Einstein (1879-1955)

n Mass and Energy are equivalent

n A small amount of mass yields a large 
amount of energy

2mcE =





Conditions at the Sun’s Core:

Core Temp:  15,000,000 K   (27,000,000 °F)

Core Pressure: 3 trillion pounds/in2



Thermonuclear Fusion



Proton – Proton Cycle

4H → 1He + 2γ









NUCLEOSYNTHESIS





Carbon-Nitrogen-Oxygen Cycle   (CNO Cycle)







4H = 6.693x10-24 gm
-1He = 6.645x10-24 gm

Difference of 4.8x10-26 gm (0.7%)



Some incredible numbers…
The proton-proton cycle occurs

1038 times/second
Each second:

624 million tons of hydrogen
Fuses to become

620 million tons of helium

4 million tons of matter becomes 
energy



4 million tons of matter becomes 
energy

153 meters

4 million tons of water



M¤=1.99x1030 kilograms

Sun’s lifetime ~ 10 billion years



Radiation Escape from the Core – The drunken
Random Walk

D = (d/l)2



Hydrostatic Equilibrium







Main Sequence Lifetime
15 Mù _ 107 years

0.5 Mù _ 3x1010 years 

Why does a more massive star live a 
shorter lifetime?

Fuel consumption!

15 Mù _ 107-108 K

0.5 Mù _ 106‘s K

Lifetime of star on MS α 1/ M3 = M-3







White Dwarfs



1.  Low Mass Stars M < 0.5 Mù



30% – 40% of total mass is lost



2. Intermediate Mass Stars 
0.5 < Mù < 8









Planetary Nebula
(has nothing to do with planets!!)

























White Dwarf Stars

n Composed mostly of carbon

n Surface temperatures of 50,000 K or more

n NO internal energy source

n Earth sized

n Mass is that of remnant stellar core

n VERY DENSE!



11,000 tons per cubic
inch

Limit ~ 1.4 solar M

White Dwarf Star





What stopped the gravitational 
collapse of the white dwarf?



Electrons have a limit to how tightly they can be 
packed together

“ELECTRON DEGENERACY PRESSURE”

The electrons did!



BUT!  Electron Degeneracy Pressure 
has its limits

Gravity can overwhelm the electrons 
if the mass is high enough..

M < 1.4 Mù

Chandrasekhar Limit



What happens if the core of the 
star that remains is GREATER 
than the Chandrasekhar Limit?



3.  High Mass Stars Mù> 8





25 Mù star
Element Temperature Duration

Hydrogen 4x107 K 7x106 yrs

Helium 2x108 K 5x105 yrs

Carbon 6x108 K 600 yrs

Neon 1.2x109 K 1 year

Oxygen 1.5x109 K months

Silicon 2.7x109 K days

Iron none! hours











Iron core < 1.4Mù

Continual silicon fusion increases mass of core

Eventually Iron core = 1.4Mù



Iron core > 1.4Mù
Iron core cannot support itself against gravity

Iron core collapses…






