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Magnitude Scales 

•  Determining stellar distances from Earth is the first step to 
understanding the nature of the stars. Distances to the nearer 
stars (<150 pc) can be determined by stellar parallax, which is 
the apparent shift of a star’s location against the background 
stars while Earth moves along its orbit around the Sun. The 
distances to more remote stars are determined using 
spectroscopic parallax. 

•  The apparent magnitude of a star, m, is a measure of how 
bright the star appears to Earth-based observers.  

•  The absolute magnitude of a star, M, is a measure of the 
star’s true brightness and is directly related to the star’s energy 
output, or luminosity. 

•  The absolute magnitude M of a star is the apparent 
magnitude it would have if viewed from a distance of 10 pc. 
Absolute magnitudes can be calculated from the star’s apparent 
magnitude and distance from Earth. 

•  The luminosity of a star, L, is the amount of energy emitted 
by it each second (measured in Watts). 



Types of Stars 

•  Stellar temperatures can be determined from stars’ colors or stellar 
spectra. 

•  Stars are classified into spectral types (O, B, A, F, G, K, and M) based 
on their spectra or, equivalently, their surface temperatures. 

•  The Hertzsprung-Russell (H-R) diagram is a graph on which 
luminosities of stars are plotted against their spectral types (or, 
equivalently, their absolute magnitudes are plotted against surface 
temperatures). 

•  The H-R diagram reveals the existence of four major groupings of stars: 
main-sequence stars, giants, supergiants, and white dwarfs. 

•  Distances to stars can be determined using their spectral types and 
luminosity classes. 





Binary Stars 

l  Binary stars are fairly common. Those that can be resolved into 
two distinct star images (even if it takes a telescope to do this) 
are called visual binaries. 

l  Some binaries can be detected and analyzed, even though the 
system may be so distant (or the two stars so close together) that 
the two star images cannot be resolved with a telescope. 

•  A spectroscopic binary is a system detected from the periodic 
shift of its spectral lines. This shift is caused by the Doppler 
effect as the orbits of the stars carry them alternately toward and 
away from Earth. 

•  An eclipsing binary is a system whose orbits are viewed nearly 
edge on from Earth, so that one star periodically eclipses the 
other. Detailed information about the stars in an eclipsing 
binary can be obtained by studying the binary’s light curve. 



CHAPTER 10 
The Lives of the Stars from Birth 

Through Middle Age 



•  The stars do not fall on 
random locations in this 
diagram! 

•  What does this mean? 
•  This diagram gives us clues 

to inner workings of stars, 
and how they evolve. 

•  The Main Sequence is the 
red line in the middle. Most 
stars fall on the main 
sequence. 

•  Our Sun is a G2, main 
sequence star with M=4.8 
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Questions 

1.  How do stars form? 
2.  Are stars still forming today? If so, where? 
3.  Do more massive stars shine longer than less massive ones?  
4.  When stars like the Sun stop fusing hydrogen and helium in 

their cores, do the stars get smaller or larger? 
5.  How do astronomers use the physical properties of stars to 

learn about stellar evolution? 



Stellar Evolution 

The basic steps of Stellar Evolution are: 
§  Condensing gas cloud 
§  Main sequence, powered by fusion (most of lifetime). 
§  Red giant, star greatly expands in size. 
§  Rapid mass loss (planetary nebula or supernova 

explosion) 
§  Remnant (white dwarf, others neutron star, black hole.) 

•  The length of time spent in each stage, and the details of 
what happens at the end depend on the initial mass. 



Star Formation 

•  The starting point is a giant molecular cloud. The gas is relatively 
dense and cool, and usually contains dust.   

•  A typical cloud is several light years across, and can contain up to one 
million solar masses of material. 

•  Thousands of clouds are known in our galaxy. 

  
 http://www.youtube.com/watch?v=80eMTnnLjhs&feature=related  



Side Bar: Observing Clouds 

•  Ways to see gas: 
§  By “reflection” of a nearby light source.  Blue light reflects better 

than red light, so “reflection nebulae” tend to look blue. 
§  By “emission” at discrete wavelengths.  A common example is 

emission in the Balmer-alpha line of hydrogen, which appears red. 

•  Ways to see dust: 
§  If the dust is “warm” (a few hundred degrees K) then it will emit 

light in the long-wavelength infrared region or in the short-
wavelength radio. 

§  Dust will absorb light: blue visible light is highly absorbed; red 
visible light is less absorbed, and infrared light suffers from 
relatively little absorption.  Dust causes “reddening”. 



Giant Molecular Clouds 

•  Interstellar 
dust makes 
stars appear 
redder. 



Interstellar Reddening 

Light from these two nebulae pass through different amounts of interstellar 
dust and therefore they appear to have different colors. Because NGC 3603 is 
farther away, it appears a darker shade of red than does NGC 3576. 



Nebula 
Dense regions of interstellar gas and dust 

•  This nebula is in the belt of Orion.  Dark dust lanes and also 
glowing gas are evident.  (d=1344 ly away from Earth). 

•  Trapezium cluster of young bright stars. 
           http://www.youtube.com/watch?v=jzkCFMkX-tM 
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Giant Molecular Clouds - Orion 

This image from the Orion 
Nebula shows 

1.   Emission nebula, and a 
2.   Reflection nebula. 



Pleiades Cluster 

This open cluster, called the Pleiades, can easily be seen with the naked 
eye in the constellation Taurus (the Bull). The Pleiades lies about 440 ly 
(134 pc) from Earth. The blue glow surrounding the stars of the Pleiades is 
a reflection nebula created as some of the stars’ radiation scatters off 
preexisting dust grains in their vicinity. 



Pleiades 



Giant Molecular Clouds 
Bok Globules 

•  Inside many nebula 
one finds very dense 
cores called Bok 
globules that are 
ready to collapse… 



Bok Globules in the Rosette Nebula 

The large, circular Rosette Nebula (NGC 2237) is near one end of a sprawling 
giant molecular cloud (GMC)  in the constellation Monoceros (the 
Unicorn). Radiation from young, hot stars has blown gas away from the center 
of this nebula. Some of this gas has become clumped in Bok globules that 
appear silhouetted against the glowing background gases. New star formation is 
taking place within these Bok globules.  



•  There are giant clouds of gas and dust in 
the galaxy.  They are roughly in 
equilibrium, where gas pressure balances 
gravity. 

•  Sometimes, an external disturbance 
(supernovae…) can cause parts of the 
cloud to move closer together.  In this 
case, the gravitational force may be 
stronger than the pressure force. 

•  As more matter is pulled in, the 
gravitational force increases, resulting in 
a runaway collapse and star 
formation. 

Star Formation 
Triggers 



A Summary 
of the Star 
Formation 
Process 

http://www.youtube.com/
watch?v=YbdwTwB8jtc 



The Protostar 

•  An external disturbance can cause a gas/dust cloud to 
collapse: 
§  The material collapses to a rotating disk, and friction 

drives material into the center, where it builds up. 
§  The central object heats up as the cloud collapses.  

Eventually, the temperature gets hot enough for nuclear 
fusion to occur (>10 Million K!!).  

•  We are left with a newly born star surrounded by a disk of 
material. 



Protostar in a Bok Globule 

(a)  This visible-light image shows a small dark nebula 
(equivalently, Bok globule) called L1014 located in the 
constellation Cygnus.  

(b)  When viewed in the infrared, a protostar is visible within 
the nebula. 



A Cluster of Protostars 

Over 300 protostars (yellow circles) were observed in the infrared 
by the Spitzer Space Telescope. This cluster of newly forming stars is 
13,700 ly away in the constellation Centaurus. Most of the interior 
of this nebula is hidden from our eyes by the dust it contains. 



Pre–Main-Sequence Stars 

Seen in infrared, the two large 
bright objects in the center of this 
image are pre–main-sequence 
stars. They have recently shed 
their cocoons of gas and dust but 
still have strong stellar winds that 
create their irregular shapes.  



Young Star Systems 

•  Orion Nebula is the closest region or large star formation to Earth, 
about 1350 ly from Earth, with 2000 times the MSUN of material. 

•  Many stars in the Orion Nebula are surrounded by disks of material. 



Young Star Systems 

•  Infrared images are 
useful since the infrared 
light penetrates deeper 
into the dark clouds, 
allowing one to see what 
is inside.  Often one sees 
young stars. 

NGC 2264 Star Cluster  
•  Infrared observations often 

reveal hundreds of newly-
formed stars embedded in 
molecular clouds. 



Young Star Systems – M16 Cluster 
Eagle Nebula in constellation Serpens 

•  Newly-formed hot stars can alter their environment. 


