Ch. 13 GALAXIES
Sec 13.1 The Milky Way

I. Our Hometown Galaxy
  A. _______:  A huge collection of matter isolated in space & held together by its own gravity.

  B. Regions of the Milky Way

1. Galactic ______: Circular, flat 
    region containing most of the 
   luminous stars & interstellar matter.


2. Galactic _______: Thick area of 
        stars around the center

    3. Galactic _____ : Spherical ball of 
        faint, old stars  (not seen in pics)

II. Stars on the Carousel
  A. Young, _____, “Population I” stars 

       are confined to the galactic _____

  B. Older, ___ “Population II” stars 
       found in the bulge/halo

  C. Disk stars ________ around the 

      galactic center - for the Sun:  

      1 Galactic year = ____ million yrs.

III. Formation of the Milky Way

  A. ______ stars formed before disk

  B. Disk stars formed later due to _____

       of gas/dust by angular momentum

IV. Galactic Center
  A. ______ shrouds view, so IR/radio

  B. Million x _______ than our area

  C. Swirling gas/stars indicate a 

       ___________ black hole - ~ 2-3 
       million solar masses
           s - Ex/  Black Hole in M87


     Name __________________
Sec 13.2 Measuring our Galaxy
I. Shape & Size of the Milky Way

  A. _________ (1700’s) - star count 

    1. Showed ______ galaxy

    2. He showed the Sun at the ______-

        ______ obscured  the true view

  B. Pulsating Variable Stars

   1. Spiral nebulae & globular clusters 

        too ____  for _________ to be used

   2. ____ ______ & _______ variables

     a. RR:  Period 1 _____ or less

     b. Cepheid:  1-_____ days

     c. Period __________ for each

   3. Highly evolved stars may become 

       __________ (Sir Eddington)

     a. _______ varies

     b. Instability strip on H-R diagram

   4. __________ can be found with the 

       Inverse Square Law by comparing 

       apparent brightness to actual 
       luminosity

`

  5. Period-Luminosity relationship

    a. RR Lyrae:  All ____ x LSUN.  

    b. Cepheids: Henrietta ______ (1908)

            i. Ceph’s that vary _________ are 
               very bright

      ii. Short-period Ceph’s are _____

     6. RR Lyrae are more common, 

         but not as bright (smaller _______)
     7. Ceph’s seen in nearby _______
  C. First Accurate Size & Shape
     1. RR Lyrae are common in 
         _________ clusters

     2. Harlow ________ plotted cluster 
         distribution

     3. Result:  Sun _____ at the center!

     4. Milky Way ________ than thought

II. Mass of the Milky Way

  A. Kepler’s Laws used for Sun’s orbit

B. Galaxy ~ ____ bill. solar masses!

  1. ____ billion within Sun’s orbit

  2. Another 100 billion beyond

  C. Dark halo of ____ billion solar 
       masses beyond visible stars

  D. Dark Matter
     1.______ ’s?  (subatomic particles) 
       Ex/ 

     2. _________’s? 

       a. Stellar-mass _____  _______

                                          (not enough)

       b. ______ _______?  (failed stars)

       c. White or red dwarfs? 

Sec 13.3. Hubble’s Galaxy 
                 Classification 

  I. Spirals

  A. Flattened galactic ______

  B. Densest part - _________

  C. Type Sa, Sb, Sc

    1. ___ - Large bulge, tight arms
    2. ___ – Small bulge, loose arms

        3. Disk rich in dust/gas, especially 

        _ type spiral  Ex/ M74, El Sombrero

      D. _________-spirals
        a. Subclass w/ elongated “bar” of 

        matter extending beyond the bulge.  

        b. Arms project from bar   Ex/ 

II. Ellipticals
A. No ______ or flattened disk

B. Densest at their _________

C. _______ up to _______ ellipticals

  a. Dwarf: Only a few million stars

  b. Giant: Fewer of them, but huge  

D. ___ (circular) to E__ (elliptical)

    E. Little or no _____ /no young stars

    F. No regular stellar orbits

    G. Those w/ a disk:  ____’s or ______
III. Irregulars

  A. Most ______ type of galaxy

  B. Rich in dust / _______ blue stars

  C. Small, but slightly 
       larger than dwarf _________
Ex/ Large & Small __________Clouds

IV. Hubble’s Tuning Fork  

   A. Not an evolutionary process
   B. Spirals and ellipticals are the same ____

   C. Only _______change galaxy types
Sec 13.4 Active Galaxies
I. Active?

    A. ~ ___ % of galaxies – very ______

    B. Wide range of EM radiation

II. Types of Active Galaxies
      A. ___________ galaxies – “normal” 
        galaxies undergoing aggressive   

        star formation due to interactions


Ex/ M82 – The ______ Galaxy

      B. ____________ galaxies – 
          resemble spirals, but with very 
          energetic galactic _________

      

Ex/ NGC 7742  “Fried Egg”

      C. ______ galaxies – gigantic radio 
         ______ on each side of the galaxy.  
                                      Ex/ _________

      D. ________ are active galaxies    

         whose jets of energy/matter line up 
         with Earth’s line of sight

III. ____________  
· quasi-stellar radio sources

      1. Most > 1 ______ light years away

      2. _______ objects ever discovered!

      2. Over _________ discovered so far

IV. The Culprit 

    Active galaxies are thought to be  

    the result of __________ black holes
Sec 13.5 Galaxy Clusters
I. Galactic Distance Measurment
      A. _________ _________: bright 
     objects whose luminosities are known    

             Ex/ Type __  ___________
  B. ______-________ relation: 
     Galaxy ______ is tightly correlated 
     with __________
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  II. The Distance Ladder (tools used)

   A. Planets - _________  

   B. Nearby stars - ___________

   C. Distant stars in our galaxy - _________

       (Globular clusters, for example)

   D. Nearby galaxies - _____________

   E. Distant galaxies - _________________

   F. Farthest reaches 

       of the universe - __________________
 III. Nearby Galaxy Clusters

  A. The ______ _______:  ~____ 
       nearby galaxies including ours.
        1. Contains __ large ________

        2. Largest: __________, M___ 

        3. Milky Way:  ___ largest
         4. 3rd: _________ Galaxy, M ___
  B. _______ Cluster: ~ 2500 galaxies

  IV. Galaxy Collisions

       A. Larger galaxies may “absorb” 

           smaller galaxies in a process 

           called galactic ____________!

       B. Large spiral galaxies may collide 

           and form giant ___________


Ex/ Andromeda & the _____ ____

  V. Superclusters

   A.  A cluster of clusters is called a 

 
 Supercluster.  Ex/ ______Super.
       B. Largest named structures in the 
            universe

  VI. Strands & Voids
     A. On the largest scales, galaxy   

         clusters of galaxies are not 
         distributed evenly.  

         They form immense ________.

     Ex/ The ______ ______

     B. These strands surround huge
        _____ of relatively empty space.   
    C. The Known, Observable Universe 

        resembles a giant __________!!
