
Stars and Galaxies  



The Hubble Space Telescope (HST) 

Å Launched in 1990, the HST has taken images of the early universe by 
being able to receive dim light that has traveled through space for 13 
billion years.   

Å Its high orbit allows it to take images that are not distorted by Earthôs 
atmosphere. On a May 2009 servicing mission by the space shuttle, 
astronauts made repairs and installed new instruments that will keep 
the HST operational until 2014.   

Å The James Webb Space Telescope is planned to be launched in 2018.  
It will only be a partial successor to the HST because it will only 
observe in the infrared portion of the electromagnetic spectrum. 

http://www.jwst.nasa.gov/videos_general_3.html 

http://www.jwst.nasa.gov/videos_general_3.html


ÅMission Goals  

ÅSearch for the first galaxies or luminous objects formed after the 

Big Bang.  

ÅDetermine how galaxies evolved from their formation until now  

ÅObserve the formation of stars from the first stages to the 

formation of planetary systems  

ÅMeasure the physical and chemical properties of planetary 

systems and investigate the potential for life in those systems  

Åhttp://www.jwst.nasa.gov/videos_science.html 

 

http://www.jwst.nasa.gov/videos_science.html


Stars and Galaxies 

A. ___________:  A hot gaseous sphere 

that radiates energy from its surface into 

space. 

Star 



1.  Distances to Stars 

a. _________________ 

(1) Distance measured to 

the ________ , the 

closest star to Earth 

(2) Equal to the average 

distance between the Sun 

and Earth (150,000,000 

km or 93,000,000 mi.) 

(3) Used for distances 

within our Solar System. 

Sun 

Astronomical Unit 



b.  __________________ 

No . . . 

Not this guy (Buzz Lightyear of Toy Story) 

The Light Year 



Light Year  

(1) The distance that a ray of light travels in one 
year 

(2) At the speed of light (300,000 km/sec or 
186,000 km/sec) light travels about 9.4 trillion 
kilometers (5.8 trillion miles) in one year 

(3) Double stars of Alpha Centuri are about 4.3 LY 
from Earth. 

(4) The red giant star Betelgeuse is nearly 490 LY 
from Earth. 

 



Light Year (LY)  





ÅFor a right triangle, 

Åwhere p is the 

parallax, 1 AU 

(149,600,000 km) is 

approximately the 

average distance 

from the Sun to 

Earth, and d is the 

distance to the star. 

Sin p = 1 AU 

                d 

Using parallax 

to determine 

distance to a star! 



c.  __________: A larger unit of distance equal to 3.26 ly 

ÅCalculated using parallax to a star that is one second (p = 1ò) of arc. 

ÅParsec is derived from the words ñparallaxò and ñsecondò 

Parsec 

d 



Parsec 

Å A parsec is the distance to a star, as seen from the Earth, when the star 
has a half-parallax of 1 second of arc, when observed at two opposite 
positions in the orbit of the Earth around the Sun, taken 6 months 
apart.  

Å A parsec is equal to:  
ï approximately 206,265 Astronomical Units 

ï 3.26 light years. 



Physical Properties of Stars 

a. Sizes vary over a great range. 

 

 (1) Smallest stars may be smaller than 

_________. 

 

 (2) Largest stars can be more than 2000 

times the diameter of the _______. 

Earth 

Sun 



 





 



Physical Properties of Stars 

a.    Density: 

 (1)    __________:  Betelgeuse (a red giant) 

is one ten millionth (________) of the Sunôs 

density. 

 (2)   __________: Companion star to Sirius 

is so dense that one teaspoon would weigh 

more than one ton on Earth. 

 

Heavy 

Light  

1.0 x 10-7 



Physical Properties of Stars 

 a.    Mass 

 (1)  Variation in mass is less than variation 

in density. 

 (2) Most stars have masses  _____________ 

of the Sunôs to ______times that of the Sun.  

 

1/100 

50 



Physical Properties of Stars 

 a.     Composition: 

 (1)     One or two percent of a starôs mass may be 

 heavier elements such as oxygen (___), carbon 

 (___), calcium (___), and sodium (___). 

  

 (2)   Main elements in the Sun are 

 (a)     __________________ 

 (b)     __________________ 

 

O 

C Ca Na 

Hydrogen (H) 

Helium (He) 



Brightness of Stars 



    
 (1)    _________________________________ 

     (a)  How bright the star ________________ to an      observer on 
 Earth. 

     (b)  Brightest stars are first magnitude. 

     (c)  Faintest stars are sixth magnitude 

     (d)  Each magnitude represents a change by a factor of 2.5 
 magnitudes. 

 

    i)    A first magnitude star is 2.5 times brighter than a second  
         magnitude star. 

   ii)    A first magnitude star is 100 times brighter than a sixth  
         magnitude star. 

      (e)  Objects brighter than first magnitude objects are 
 _______________________.      

 

negative numbers 

Apparent Magnitude 

appears 



Why are there negative numbers? 
Å The Greek Astronomer Hipparchus (c. 190 

BC  - 120 BC catalogued about 800 stars. 

Å The brightest star he observed he assigned a 
magnitude of 1.  The dimmest was 6. 

Å Brighter stars have now been observed. 

ïUsing Hipparchusô system they must be 
smaller numbers than one.  

ÅSo negative numbers are used for very bright 
celestial objects. 



Apparent Magnitudes of Familiar Objects 
Ottowa 



Apparent Magnitudes of Familiar Objects 



Factors Affecting Apparent Magnitude 

(a)_______________ 

     The farther a star is from the 

observer, the dimmer it appears if 

all other factors are equal 

Distance 



Factors Affecting Apparent Magnitude 

 

  (b) ___________:  Larger Stars will appear 

brighter than smaller stars 

Size 



Factors Affecting Apparent Magnitude 

(c)_______________: 

 

   Hotter stars will appear 

brighter than cooler 

stars if all other 

factors are equal. 

Temperature 



(3) __________________ 

                  

 (a)   Called ________________________ 

 (b)   This is the _________ brightness of a star. 

 (c)    Depends on two factors 

          i)   __________________________: Hotter stars  
  emit greater intensity light than cooler stars 

    ii)     _____________: Larger stars are brighter than 
  smaller stars 

 (d)   Compares the brightness of stars on an ___________ 
 basis.  Astronomers determine the luminosity by 
 mentally moving all stars to a distance of 32.6 light 
 years (10 parsecs) and then determining their 
 magnitudes as seen from that distance. 

 

 

Absolute Brightness 

actual 

Temperature 

Size 

equal 

Absolute Magnitude 

Absolute brightness 



(4)  Luminosity  

(a) This is the rate of energy output of a star. 

(b) It is usually measured in watts/second. 

(c) Luminosity can also be expressed using solar units. 

Å This is a comparison to the Sunôs rate of energy output. 

Å The Sun is assigned 1 energy unit. 

Å A star that has a luminosity of 100 energy units . . . 

 - Emits energy at 100 times the Sunôs rate. 

Note:  This must be added to your fill-in notes. 

See your ESRT : ñLuminosity and Temperature of Starsò Chart 

(The H-R Diagram) 



The H-R Diagram 

ÅEstablishes the relationship between a starôs 

surface temperature and its luminosity. 

ïEjner Hertzsprung of Denmark 

ïHenry N. Russell of the United States 



3.  The H-R Diagram 

 b.   Stars of a known distance have been 

plotted according to their spectral class (as 

determined by the _________________ and 

___________ ) and their absolute 

magnitude. 

 

temperature 
luminosity 



The H-R Diagram 



The H-R Diagram: 
The Earth Science Reference Tables Version 



Reading a Non-Linear (Logarithmic) Scale 



4.  Our Sun 



Our Sun 

 a.    Properties of the Sun 
 (1)  Size: _______ times Earthôs diameter (1.38 x 106 km) 

 (2) Volume: Could hold more than ________________ Earthôs. 

 

109 

1,300,000 



Properties of the Sun 

 (3) Temperature:   

        (a) ________________     temperature 

  is about 5,550o Celsius (~10,000o 

  Fahrenheit). 

    (b)   ________________ temperature  

  may be as high as 15,000,000o  

  Celsius 

 

Surface 

Interior  



b.  The Source of the Sunôs Energy                   

(1)   __________ of light elements into heavier elements. 

(2)   ____________ converts to ___________ 

     (a) Four _________________ (H) nuclei (each with a mass of 
about 4.030 mass units) join to form a _______________ 
(He) nucleus with a mass of only about 4.003 energy units. 

      

Fusion 
Hydrogen Helium 

Hydrogen 
  Helium 

  

Isotopes of 

  hydrogen 



(b) The mass that seems to have been lost is converted into 
_____________, which is radiated into space. 

(c)  Estimates indicate that about 4 million metric tons of 
matter are converted into energy every second but 
because the Sun is so massive, this process can continue 
for another five billion years! 

Energy 



c.  The Sunôs Atmosphere 

(1) _________________        
        

     (a)  Bright yellow surface 

     (b) 400 km thick 

     (c)  Made of millions of granules 
(individual cells).  Granules are 
wide (about 1500 km across), 
have a bright center, dark edges, 
and are the tops of columns of 
gases that are rising in the center 
and sinking at the edges.  
Granules last 8 minutes. 

     (d) This is the lower denser part of 
the Sunôs atmosphere. 

 

Photosphere 



(2) ____________________________ 

 (a) Only seen during solar eclipses 

 (b) ________________ 

  (i) Lower part of the  

  atmosphere 

  (ii)  Colored red by glowing 

  hydrogen 

  (ii)  Extends thousands of  

  kilometers above the  

  photosphere 

The Outer, Less Dense Atmosphere 

Chromosphere 



(c) ____________ 

(i) Has so little gas that on Earth 

it would be considered a 

vacuum. 

(ii) Surrounds the Sun to a height 

of more than one million 

kilometers.  

(iii) During a solar eclipse it is 

seen as a faint, pearly light. 

The Corona 



(3) ____________ 
 

(a) Huge, red, flame-like arches of 
material that occur in the corona. 

(b) Appear like flames but the light is 
caused by changes in the cooler, 
denser parts of the corona. 

(c) Prominences may last for hours 
and can extend millions of 
kilometers about the photosphere 

Prominences 
Huge curtains of gas >100,000 km long - Relatively cool 



(4) __________ 
(a) Dark spots on the _____________________ 

(b) Size may be greater than Earthôs diameter. 

(c) Lifetime varies from a few hours to a few 

months. 

(d) Have a dark center. 

(e) Occur in pairs.  One is a north magnetic pole 

and the other is a south pole. 

(f) Because of the concentration of magnetic 

forces, gases in a sunspot may be as much as 

1,500o C cooler than the surrounding 

photosphere. 

(g) Due to the Sunôs rotation (25 days at the 

equator and 27 days near the poles) sunspots 

move from left to right across itôs surface. 

 

Sunspots 
photosphere 



Sunspots 

Umbra 

Penumbra 

(h) _______________________: The number of sunspots varies over an ____-year cycle Sunspot Cycle 11 



Solar Flares 

 ÅOccur near sunspots 

ÅParticles ejected from 

the sun 



Solar Flares 



 5.   Stellar Spectra                 

a. The Electromagnetic Spectrum 

 (1)  ___________________: 

      (a)  Travels out in all directions from its source. 

 (b)   Does not need a medium through which to travel. 

  

     (2)  Electromagnetic energy travels through space at 

    the _______________________. 

 

Radiation 

speed of light 



How does EM radiation travel through space 

which has no matter (a vacuum)? 

Å It is a wave made of a mixture of electric and magnetic energy . 

Å Small changes in an electric field create a magnetic field next to it.  
This in turn creates a new electric field, which then creates a new 
magnetic field and so on.   

Å The wave carries itself along by constantly changing its electric energy 
to magnetic energy and visa versa.   



3.  Electromagnetic energy is defined by 

___________________ which affects itôs 

frequency. 

wavelength 



Wavelength and Frequency 



The Electromagnetic Spectrum 

Å You are probably familiar with this type of EM Spectrum chart.  Itôs 
similar to what is in many high school textbooks. 

Å This is actually a simplified version. 



Some wavelengths ñoverlap.ò 

Å The electromagnetic spectrum is continuous.   
ï There are no gaps between different wavelengths.   

ï This means that there is no sharp boundary between where one type ends and another begins.  

Å  Different kinds of radiation gradually change from one to another as their properties 
change.   
ï This results in an overlap at the boundaries.  

ï The name used may depend on the source of the radiation.  Likewise, microwaves overlap 
infrared radiation and radio waves. 



 



The Earth Science Reference Tables version is 

simplified but has the overlapping wavelengths 



 



b.  Spectral Analysis 

(1) Separates light into different wavelengths 

(2) _______________________:  Replaces the 
eyepiece of a telescope with a photographic plate 

Spectroscope 



Spectroscopes 



(3) Types of Observable Spectra 
                

       (a)    ________________________ Spectrum 

               i)    Unbroken band of colors 

               ii)    Indicates that the source is emitting light of all  
  visible wavelengths. 

       
          

Continuous 



iii)  Three types of materials emit visible spectra 

 a)    Glowing _______ solids 



b)    Glowing _______ liquids 



c)    Hot compressed _______ (as in a star) gases 



(b) _______________________            

i)   Called an emission spectrum 

ii)   Light of only ___________ wavelengths is present. 

iii)   Originates from chemical elements when in a glowing 
gas or vapor state. 

  

 

certain 

Bright Line Spectrum 



 

iv)  Each ___________ has its own unique bright line 
spectrum. 

  

 

element 

Emission Spectrum 

Spectral Analysis 



(c) __________________                 

i) Called a ______________ spectrum  

ii) Continuous spectrum with dark lines created  by 

selective absorption of light. 

dark line 

Absorption Spectrum 



          Absorption Spectrum Continued . . .         
 

iii) Lines coincide with _______________ lines of the elementôs bright 
line spectrum. 

iv) Produced when ____________ gases lie between the source and the 
spectrograph.  The cooler gas absorbs the same wavelength it would 
emit when heated. 

 
 

 
ÅAtmospheres of stars 

are much cooler than 

their interiors.   

ÅMost stars have 

absorption spectra. 

ÅThe Sunôs absorption 

spectrum has 67 

elements. 

bright  

cooler 



Summary 



Using a Stellar Spectrum to find 

the Composition of a Star 



vi.  Inferring the Atmosphere of a 

Planet 

a) Planets shine due to ______________ 
light. 

b) Dark lines present in the spectrum of the 
planet that are not present in the spectrum 
of the Sun must have originated in the 
planetôs atmosphere. 

reflected  



 



6.  The Life Cycle of a Star 



a. _______ 

(1) About 99% of the cloud 

is gas, mostly hydrogen. 

(2) The remaining 1% is dust 

(1/10,000 cm in 

diameter) consisting of 

silicon, carbide, graphite, 

diamond, and minor 

amounts of nitrogen and 

other elements. 

(3) Average nebula is 25 

light years in diameter. 

Nebula 



Nebulas ï Stellar Nurseries  

(4) An outside force (e.g., 
shockwave from a 
supernova) triggers the 
force of gravity between 
atoms of gas and dust and 
they move towards each 
other. 

(5) Cloud becomes denser. 

(6) Temperature increases 

(7) Parts start to glow when the 
temperature is high enough.  
It is now a 
______________. protostar 



Protostar Formation 

b. Continued contraction increases the density of 
the protostar. 

c. Fusion begins and the star is born. 





The Birth of Sun-Like Star 



d. When the release of energy 

counterbalances the force of gravity the 

star stops contracting and is said to be in a 

__________________________. 

 

 

Stable State 



Blue Stars 

(1) Massive blue stars may reach a stable state in 

 a few hundred thousand years. 



 



Yellow Stars 

 (2)  Less massive yellow stars may take millions of 

years to reach a stable state. 



Stable Low Mass (Sun-Like) Stars  

ÅStable Sun-

like stars are 

found on the 

main 

sequence. 



  e.  Eventually the light nuclei in the core 

(helium in the case of the Sun) become depleted. 

(1) Energy of fusion no 

longer balances the force 

of gravity and the core 

contracts again. 

(2) The core heats up and 

the starôs outer layers 

expand causing the star 

to radiate more light and 

become brighter. 

 



Supergiant Stars 

(3) Fusion starts again in the outer layers but the core is now composed 

of only helium. 

(4) The result is the continued expansion of the star and the formation 

of a red giant or a supergiant. 



Supergiant Stars Continued . . . 

Astronomers estimate that the Sun could be 160 times 

its present diameter.  This will be beyond the position  

of Earthôs orbit (about 1.5 astronomical units).  



f.  ________________ 

(1)Final Stage of a 
starôs life 

(2)Most fuel is 
depleted 

(3)Weight of outer 
layers no longer 
supported by temp. 
and pressure of the 
core 

White Dwarf  

(4) Collapse of the giant  

 squeezes the nuclei of its atoms together and the star becomes a 

white dwarf that is most  likely no larger than Earth. 



White Dwarf Stars Continued . . . 

Å Made of carbon 

Å Ultimate fate of the 
Sun 

Å Hotter than the Sun 

ï Smaller 

ï Dimmer 

a 


