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The Biography of a Star 
by Dee Friesen  



How Many Stars? 

Your location 
 

The weather 
 

Your eyeballs 
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septillion stars 
       1 x 10 24 

1,000,000,000,000,000,000,000,000 stars 



       Ellen Dorrit Hoffleit  
      March 12, 1907 ς April 9, 2007 

1964 Yale Bright Star Catalog 
 
 
 
Every star visible to magnitude 6.5  
 
9,096 stars 
 
Oldest astronomer to have ever  
lived--100 years 
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5 

Biography of a Star 

Battle of forces 
 
Lifetime of the Sun 
 
Hertzsprung ς Russell (HR) diagram 
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A Battle of Forces 

Gravity 

Thermal Pressure 
Electromagnetic 

Strong nuclear Electron degeneracy Radiation Pressure 



Hydrogen and helium gas  
pulled together by gravity 
 
Fusion creates  gas and radiation  
pressures which push outward 
 
 Pressures balance 
 
Star stable - Hydrostatic Equilibrium 

What is a Star? 
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Stars seed universe with the elements 



H R Diagram Introduction  



1911 plotted absolute  
magnitude of stars against  
their color (temperature) 

1913 plotted absolute 
magnitude against 
spectral class 

Star positions on plots are not random  
 

They fall into distinct groups 

HR  Diagram History 

100 stars with known distance 

Relationship between 
luminosity and temperature 
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History of the HR Diagram 

Early 

Today 

100 stars of known distance 
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   I w 5ƛŀƎǊŀƳ ά.ŀŎƪǿŀǊŘǎέ 



25,000           10,000            7,000              5,000              3,000 
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Sun  

Hot   =================Č Cold 

Stars are in distinct groups 

Distinct Star Groups 
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Birth of Sun 
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13 Stages - Evolutionary Path of the Sun 

Before today (1 ς 7)                      After today (8 ς 13) 
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Stage 1  -  Interstellar Cloud 
 
Stage 2 -  Collapsing Cloud Fragment 
 
Stage 3 -  Fragmentation Ceases 
 
----------- On HR Diagram ----------- 
 
Stage 4 ς A Protostar 
 
Stage 5 -  Protostellar Evolution 
 
Stage 6 ς Newborn Star 
 
Stage 7 ς Main Sequence Star 
 

Birth and growth of the SunτStages 1 - 7 



Stage 1 - Interstellar Gas and Dust 

Gas (99%) 
 
    - Molecular hydrogen and helium 
 
Interstellar dust (1%) 
 
    - Carbon, silicon, oxygen, and iron in tiny, solid grains 
 
    - 1 micrometer in diameter ς scatter and absorb visible light 
 

Barnard 68 visible  infrared  

Ophiuchus 
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Å15  ς  600 light years in diameter 
 
Å 10 - 30 K 

 
Å  Atoms form molecules  are H2   He2 

 
 
Density:   
 
Å2.7 x 10 9  particles/cm3 

 
Å9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ  нΦт Ȅ мл 19 particles/cm3 

M 16 Eagle Nebula 

Stage 1 - Giant Molecular Clouds (GMC) 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=2ahUKEwiFz7rNwLLgAhUI6oMKHREOAVEQjRx6BAgBEAU&url=http://www.paulruffle.com/molecularclouds.htm&psig=AOvVaw17N889cBX2GlB_76nooYN9&ust=1549934003699081
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Stage 2 ς Collapsing Cloud Fragment 

Gravity  
 
Åpulls material in 

 
Å increases with  
       greater density 

Thermal Pressure  
 
Åpushes material out 
 
Å increases with  
       higher temperature Battle of forces 



19 

Triggering Mechanisms for Collapse of Molecular Cloud 
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Triggering Mechanisms (continued) 
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Gravity squeezes mass to increase 
temperature 
 
Thermal pressure increases with  
higher temperature 
 
Gravity overcomes increased thermal  
pressure by  emitting radiation 
 
Thermal pressure reduced 
 
Gravity remains  greater than thermal  
pressure 
 
Fusion temperature reached (100 million K) 
 Taurus Molecular Cloud (TMC)C 

Stage 2 - Battle Gravity vs Thermal Pressure 
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Atoms in cloud have  potential energy 
 
Atoms pulled to center of cloud 
 
Atoms now have kinetic energy and 
move faster and collide 
 
Collisions increase temperature  
of gas  
 
Thermal pressure increases and  
pushes back against gravity 
 

Stage 2 - How Gravity Creates Heat 



Stage 2 ς Collapsing Cloud Fragment 

Collapses into fragments 
 
Center 100 K 
 
Density 2.7 x 10 12  particles/cm3 
 
Outer areas still cold 



Stage 3 ς Fragmentation Ceases 

Density increases, radiation can not escape 
 
Center gets hotter   10,000 K 
 
Density 2.7 x 10 18  particles/cm3 
 
Fragmentation ceases 
 
Individual stars form ς protostars (100,00 years) 



Stage 4 ς A Protostar 

Cloud moving  - rotation begins 
 
Cloud flattens 
 
T core  1 million K 
 
Surface begins to glow 
 
Cloud becomes a proto star 
 
Appears on the HR diagram 

Tcore   =  1million K 

Solar System 

Tsurface   =  2,000 -3,000 K 

100,000 years 
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10 X size Sun 
 
Density increases 
 
T core   increases 
 
T core  5 million K 
 
T surface  4000 K 
 
10 million years 
 

Stage 5 ς Protostar Evolution  

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwigqtHftcPgAhWg3oMKHR_RBYcQjRx6BAgBEAU&url=https://sites.google.com/site/protostarsinfinite/home/stellar-evolution-of-a-protostar&psig=AOvVaw29nU8XV7pUS07mfxiiITTL&ust=1550515286615077
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Stage 6 ς Newborn Star 

2 X size Sun 
 
T core  10 million K 
 
Fusion begins 
 
T surface  4500 K 
 
Luminosity slightly less Sun 
 
30 million years 
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Stage 7 -  Main Sequence Star 

Stable star 

Fusion  H to He 
 
T core  15 million K 
 
T surface  5800 K 
 
GMC  --- >  star 
40 ς 50  million years 
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Inside the Sun 



Nuclear Reactions 

Nuclear fission splits a 
nucleus into smaller 
nuclei  

Nuclear fusion combines 
smaller nuclei into a larger 
nucleus  



High Temperature Needed for Fusion 

Higher temperatures  - protons move faster, push past repulsion, 
                                          strong nuclear force binds together 

More protons in nucleus ς greater repulsion force, higher                    
                                                temperature needed to push past  
                                                higher repulsion force 

Like forces repel 



Four protons are fused to form:  
 

                    He-4 nucleus,  
 

                     gamma photons, positrons and neutrinos 

Proton - Proton Chain in SUN 



Fusion in the Sun 

After fusion event, difference 
in mass about 0.7% 
 
Mass becomes energy 

Source of the energy emitted 
from surface of the SUN 

E = mc2 



34 

CƻǊ ǘƘŜ άL ŘƻƴΩǘ Řƻ ƳŀǘƘέ /ǊƻǿŘ 
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Newborn Star Demographics 

Sun 

More stars smaller than the Sun 



Other Stars on 
Main Sequence 



Other Stars are Forming 



Other Stars are Forming 

Look for them in the main sequence 
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Other Stars on Main Sequence 

Sun 

Bellatrix 

Sun 

.ŀǊƴŀǊŘΩǎ {ǘŀǊ 
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Stellar Properties Depicted  
in the HR Diagram 

ÅLuminosity 
 
ÅStellar Radii 

 
ÅStellar Masses 

 
ÅStellar Lifetimes 

 
ÅStellar Spectra (temperature) 
 



25,000           10,000            7,000              5,000              3,000 
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Stellar Properties on HR Diagram 

Sun  

Hot   =================Č Cold 

Stars grouped into distinct groups 
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Luminosity 
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Luminosity 

How much energy the SUN emits per second 
  
                         Unit of energy             
 
                                Joule 
 
 
 
 
 
 
 
 
 
                  
                     Joule/sec  =  watt 
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Åradius 
 

Åtemperature surface   

Luminosity 
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Luminosity and Radius and Temperature 

R2 T4 R2 T4 

R2 T4 R2 T4 

Large stars 

Tiny stars Small stars 

Big stars 

Log scale 
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Stellar Radii 
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Stellar Radii 

We use HR diagram to understand the stars 

Large stars 

Tiny stars 

Big stars 

Small stars 
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Stellar Radii 
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Stellar Masses 



50 

Role of Mass 

Core temperature  
 
Fusion rates 
 
Lifetime and end product 



Stellar Mass on Main Sequence 

Sun 

Bellatrix 

.ŀǊƴŀǊŘΩǎ {ǘŀǊ 

30 M sun 

10 M sun 

0.1 M sun 

3 M sun 

6 M sun 

Big stars 

The Main Sequence in the H-R Diagram is a Mass Sequence  
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Main Sequence Stellar Mass Sequence 

CƻǊ ǘƘŜ άL ŘƻƴΩǘ Řƻ ƳŀǘƘέ /ǊƻǿŘ 



Stellar Lifetimes 
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Stellar Lifetimes 

32 gal tank 
 
13 miles/gal 
 
416 miles 

18 gal tank 
 
30 miles/gal 
 
540 miles 

 Larger vehicle  -  shorter range          Small vehicle  -  longer range 



Mass Determines How Long Stars Live 

Large/hot stars more mass  
burn fuel quickly 
 
Short lives (10s millions years) 
 
 
 
Smaller/cool stars less mass  
burn fuel slowly 
 
Long lives (1 trillion years) 

Lifetimes vary along the main sequence 



Stellar Lifetimes 

Sun 

Bellatrix 

.ŜǊƴŀǊŘΩǎ {ǘŀǊ 

The main-sequence is a lifetime sequence  

107 yrs 

108yrs 

1011yrs 
1010yrs Life 

+ 

- 



Mass and Lifetime on HR Diagram 

Hot   =================Č Cold 

Bellatrix 

.ŀǊƴŀǊŘΩǎ {ǘŀǊ 
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Stellar Spectra 



25,000           10,000            7,000              5,000              3,000 
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The X Axis of the HR Diagram 

Sun  

Stellar Spectra 



The Science of 
Spectroscopy 



All objects emit electromagnetic waves (radiation) 
 
In solid objects - all atoms emit radiation 
 
Continuous range of wavelengths 

Continuous Spectrum 



Individual Atoms Emit Only Specific Wavelengths 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    Each atom has a unique  set of wavelengthstoms 
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N 

I Spectrum of Individual Elements 



The Science of Spectroscopy 

Electrons can have different energy levels 
 
Movement of electrons between energy levels 
creates absorption and emission spectra 
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Electron absorbs energy and electron moves to 
higher energy level 
 
Specific wavelengths removed ς black spectra lines  

Absorption 



Emission 

Electron moves to lower energy level and emits energy  
 
Specific wavelengths appear ς color spectra lines  



Spectral Lines the Same for Each Atom 

Hydrogen 

Spectral lines are tools for identifying elements 
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Spectroscopy a New Tool for Astronomy 



Stellar Temperatures 

69 
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Color gives temperature 

Color and Temperature 



71 

All Objects Emit Radiation 

        Temperature hotter - Wavelength shorter 
 

        Measure wavelength with maximum intensity 
 

        Obtain temperature of surface of star 

0.9 0.6 

Planck spectrum 

4,000 K0 

6,000 K0 



Stellar Temperatures from Planck Spectrum 

Stars don't have perfect Planck spectrum 
 
Wiens law temperature not accurate 

72 

Star spectrum 

 Planck spectrum 



Stellar Temperatures From Color Ratios 

Compare ratio of red to blue light 
 
Compare observations to computer models of 
stellar spectra of different temperatures 
 
Still not accurate - Interstellar reddening 
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Ratio of red to blue light inaccurate 
 
Temperature not accurate 

Interstellar Reddening 
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Harvard Computers 
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History of the Spectra 

76 

$$$ 



 $$$  tƛŎƪŜǊƛƴƎ ƘƛǊŜŘ  ŀǎǎƛǎǘŀƴǘǎΣ ƘŜ ŎŀƭƭŜŘ άŎƻƳǇǳǘŜǊǎέ  

 
          ²ƻƳŜƴ ƘŀŘ ǎǘǳŘƛŜŘ ǇƘȅǎƛŎǎ ƻǊ ŀǎǘǊƻƴƻƳȅ ŀǘ ǿƻƳŜƴΩǎ ŎƻƭƭŜƎŜǎ 
 
          Classifying stellar spectra provided women work 

Harvard Computers 
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Strong  line 

Weak  line 

/ƻƳǇǳǘŜǊǎ aŜŀǎǳǊŜŘ ά{ǘǊŜƴƎǘƘέ ƻŦ !ōǎƻǊǇǘƛƻƴ [ƛƴŜǎ 

Black and white photographs 



ÅClassified 10,000 stars by strength of 
hydrogen lines:  
 

Å type A for the strongest  
 

Å type B for slightly weaker 
 

Å  to type O, for stars with the weakest  
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Classification order (15)      A  B  C  D  E  F  G  H  I  J  K  L  M  N  O 
 
Suggested stars have different chemical compositions 

Observed Horsehead nebula in 1888 



Å Classified more than 400,000 stars  
 

Å Discovered seven distinct patterns 
  
 
         
 
Added subdivisions by number 
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First woman ever 
awarded an  honorary 
degree by Oxford 
University  

G 0 ς G 9         Sun G 2 



ÅAstronomers believed stars contained  all the elements 
 

ÅLƴŎƻǊǇƻǊŀǘŜŘ άƴŜǿ ǇƘȅǎƛŎǎέ ƛƴ ƘŜǊ ŜŦŦƻǊǘǎ όŀǘƻƳƛŎ ǇƘȅǎƛŎǎύ 
 

Å1925 PhD in Astronomy at Radcliffe College 
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Cecilia Payne-Gaposchkin 
           1900 - 1979  



ÅSurface temperature determines  
     strength of absorption lines 

 
ÅElements have different temperatures  
     for max absorption lines 

 
ÅO stars have weak hydrogen lines and  
     high surface temperatures 

 
ÅM stars  have strong molecular absorption lines 
     low surface temperatures  

82 

/ŜŎƛƭƛŀΩǎ bŜǿ tƘȅǎƛŎǎ 
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All stars made mostly of hydrogen and helium 
 
Rejected by advisor (Russell) 
 
When accepted, revolutionized the field of astrophysics 
 
1956 first female tenured professor and department 
chair at Harvard University 

Cecilia Payne-Gaposchkin  wrote the most brilliant Ph.D. 
thesis ever written in astronomy: 



Temperature effects determine spectral types  
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Current Spectral Classification 
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Seven stars                                  Seven spectral classes 

O 

B 

A 

F 

G K M 

O B A F G M K 
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 Off Main Sequence 
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Stage 7  -  Main sequence 
 
Stage 8 ς Subgiant branch 
 
Stage 9 ς Helium flash 
 
Stage 10 ς Horizontal branch 
 
Stage 11 ς Second red giant branch 
 
Stage 12 ς Planetary nebula 
 
Stage 13 ς Dwarf star 
 

Off the Main Sequence Stages 7 - 13 



Stage 7   On the Main Sequence Today 

Fusion  H to He 
 
T surface = 5,800 K 
 
T core = 15 million K 
 
R = 110 R earth 

 

4.5 billion years 

7 
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Birth 
 
 
 
 
5 billion years 
 

 
 
 
10 billion years 

Composition of Sun changes 

Ratio H to He 



Stage 8   Subgiant Branch 

Core inert He ash  
H fusion shell  
 
 
 
 
 
 
T core = 50 million K 
 
R  increases 3 R sun 

 

L  increase 
 
100 million years 



Stage 9    Red - Giant Branch 

T core  continues to climb 
 
T core  < 100 Million K (He fusion) 
 
Density  10,000 x lead 
 
R = 100 R sun 

 

Luminosity increases 
 
100 million years 



Helium Flash 
T core = 100 million K 
 
He fuses into C 

triple ς alpha process 

Electron degeneracy 
halts core collapse 
 



Electron Degeneracy 

Independent of gas temperature 



Helium Flash 
T core = 100 million K 
 
He fuses into C 

triple ς alpha process 

Electron degeneracy 
halts core collapse 
 
Gravity and thermal 
pressure unbalanced 
 
Fusion of He unstable 
 
Helium flash 
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Helium Flash 

Core rapidly reaches 300 million K0 

 
Explosive He fusion in core for 
several hours 
 
Shock waves pass through the star  
blowing off outer 1/3 of Sun 
 
Gravity and thermal pressure in balance 
 
Steady He fusion 



Stage 10    Horizontal Branch 

T core = 200 million K 
 
Steady fusion 
    - He fusion core 
    - H fusion shell 
 
 
 
 
 
R  = 10 R sun 

 

Luminosity decreases 
 

50 million years 



Stage 11    Second Red Giant Branch 

Core inert carbon ash 
T core = 250 million K 
 
H and He fusion shells 
 
 
 
 
 
Outer layers expand 
Luminosity increases 
 
R  = 500 R sun 

 

10,000 years 





Stage 11 - 12   Fires Go Out 

Core  is carbon with 
H and He shells still fusing 
 
 
 
 
T core = 300 million K 
No carbon fusion  
(600 million K) 
 
Outer layers expand 
Luminosity increases 
 
R  = 300 R sun 

 
Thermal pulses develop 
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Stage 11 ς 12    Last Gasp for the Sun 

Thermal pulses push carbon  
to the surface  
 
Carbon rich dust particles  
formed in photosphere 
 
Carbon drifts into space  
becomes interstellar dust 
 
Source of carbon in our bodies 
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You Are Composed of Star Dust 



Stage 12 Planetary Nebula 

Outer layers ejected into space 
forming  huge shell of expanding gas 
 
 
Exposed inert carbon core emits 
intense ultraviolet radiation 
 
 
Radiation ionizes the gas in the 
expanding shell 
 
 
Shell glows brightly as a planetary 
nebula 

Name form historical events 

Helix nebula 



Planetary Nebula Emission Lines 

Colors result of ionization of surrounding gases 



Planetary Nebula Appearance 

Appears as a ring 
 
Geometric effect creates  
an optical illusion 

More atoms along this line of sight 

Less atoms along  
this line of sight 



Stage 13 White Dwarf 

Nebula glow disappears  
after 100,000 years 
 
/ƻǊŜ ƛƴŜǊǘ άƭŜŦǘ ƻǾŜǊέ ŎŀǊōƻƴ  
 
Gravity only force 
 
Size of Earth (degeneracy pressure) 
 
Same mass as Sun 
 
Will turn black 
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Hubble observed over 75 white dwarfs in M 4 
 
Luminous as 100 watt light bulb seen at moon's distance 

White Dwarfs Observed 

Scorpius 

http://www.nasa.gov/
http://www.nasa.gov/goddard/


ά¢ƘŜ sun, with all those planets revolving around it and   
   dependent on it, can still ripen a bunch of grapes as if it had  
   nothing else in the universe to do."  

 
Galileo Galilei  
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Requiem for the Sun 
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Massive Stars 
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Similar process to low mass  
stars in beginning 
 
Gravity compresses core 
to higher temperature 
 
Fusion happens faster 
 
Shorter lifetimes 
 

Much of the hydrogen  
fusion happens via CNO cycle 

Massive Star Characteristics 
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Fusion Processes Continue 

Carbon core  

Hydrogen shell 

Helium shell 

Temperature and pressure increase 

T core     600 million K 
 
Carbon fusion begins 
 



113 

Fusion of Heavy Nuclei for 25 SUN mass 

Fe will not fuse 
 
Heavier elements take more energy to fuse than they produce 


