                                                          ASTRONOMY 5

                                                    Cosmology and Galaxies

                                                              Spring 2007

                                             SYLLABUS AND CALENDAR

                                                             April 4, 2007

Unless otherwise indicated, the sections and pages assigned below for reading are in the textbook Universe: Stars and Galaxies, by Freedman and Kaufmann.  You should do the assigned reading BEFORE each class.  The text contains Boxes that provide extra quantitative depth on certain subjects.  All boxes are optional reading unless specifically listed below.  “Kane” means the paperback by Gordon Kane called “The Particle Garden.”   “*” means optional reading.  Content in optional reading will not be on exams.

Readings
Demo/film

Apr 4:

#1 Introduction to cosmology




Solar System




Why astronomy?




scale model;




What’s in the Universe?



2 animations




Expansion of the Universe                                          




Units of time and distance

                                    Powers of 10; exponents

      


Scale models

                                    Fly through animations




Handouts:
Class description and requirements






Syllabus/calendar (long)

                                                            Calendar summary






TA section schedule forms

Apr 6:

#2 Beginning cosmology


Faber essay
Powers of 10 

                                    Light travel time


on pp 18-19;
anim




The lookback “onion”       

5-1,2,5
;






Lookback horizon


Box 1-1




Olber’s Paradox



                 

Handout:
Homework 1

Apr  9:

#3 What the Universe is made of

5-6,7,8;
Spectral lamps




EM radiation



Box 5-5
and gratings;




EM spectrum





wave rope;




Photons vs. waves




ladder?




Structure of atoms




Atoms and light




Antimatter




“Dark” matter

Apr  11:
#4 The life-cycles of stars


18-1; 

HR diag anim;




What is a star?



Box 18-1;
Spitzer anim





How do stars shine?


19-4;




The HR diagram


20-1,2,3




The lives of massive stars

                                         Supernovae, nucleosynthesis





The lives of dwarf stars
              


How stars are born




     Interstellar gas and dust

Apr  13:
#5 Measuring the Milky Way


25-1,2,3
Cepheid demo




Measuring distances




Inv sq anim




Cepheid variables




Light, card





Size and shape of MW





Spiral arms





Young stellar disk, old stellar halo
              


Ages of the oldest stars

Apr  16:
#6 Weighing galaxies: dark matter

5-9;

Doppler srce;




Doppler effect                         
25-4;

Rotating gal 





What is a rotation curve?
          *25-5;  
            anims; glob




Milky Way rotation curve

Box 25-2
cluster anim




Rotation curves of other galaxies





Evidence for dark matter halos
              


Dark matter in galaxy clusters

                                    Universal ratio of dark to luminous matter

Apr  18:
#7 The cosmic tapestry of galaxies 

26-1,2,3;
Cosmic




Cosmic landscape


26-6,7,8,9;
fly-thru anims;





Hubble types



Table 26-1
merger anims;




Clusters of galaxies




swarm anim

                                    Galaxy collisions




Hand in: 
Homework 1

                                    Handout: 
Homework 2

Apr  20:
#8 The expanding Universe


5-9 (review);
Doppler srce;




Discovery by Hubble


26-4,5;

Hubble anim?;




Review Doppler effect

28-1,2,3;
Hubble demo





Cosmological redshift


Box 26-2




Hubble law/Hubble constant





Age of Universe ~ 1/H0

              


Ages of the oldest stars




Resolution of Olbers’ Paradox

Apr  23:
#9 Active galactic nuclei and QSOs

27-1,2,5,6;
BH anims;




What is a quasar (QSO)?
          *27-3,4;             accretion disk




Centers of galaxies
                        Table 27-1       anims; 




Jets and lobes





Springel anim




Black hole engines and accretion disks

                                    QSOs triggered by mergers

                                    Evidence for nearby BHs


Apr 25:
#10 Black holes



24-2,4,5;     
??




What is a black hole?


24-6,7,8




Schwarzschild radius






Falling into a black hole


  


Black hole evaporation




The black hole model for AGNs

                                    Dormant BHs in nearby galaxies

Apr 27:
#11 Energy, heat, and light


5-3,4

BB lamp




Energy and light:  E=mc2



and gratings;




Black body radiation




H bomb video

   


Ionized plasmas









Light in an ionized universe

Handout: 
Homework 3




Hand in: 
Homework 2

Apr 30:
#12 Cosmic fireball radiation


28-4,5

COBE stuff;




Discovery of the CMB



WMAP anim




Temperature measurement








Matter and radiation vs. time


  


Recombination era




Opaque redshifted wall

May 2:             Overflow lecture

Handout: 
Study guide for midterm + old exam

May 4: 
Midterm review

May 7: 
Midterm exam




In class




Open notes, open book

May 9:

#13 General Relativity and the 

28-6;

Grapefruit



       geometry of the Universe


Table 28-1




GR vs. Newton: what is GR?




Curved space




Gravity decelerates the Universe




Critical density and Omega




A flat Universe

 


Lambda

May 11:
#14 An accelerating Universe


28-7,8;







CMB says Universe is flat

Table 28-2




Too little matter for critical density





Supernovae say non-zero Lamba




Physics implications of Lambda




The ultimate fate of the Universe




Hand in: 
Homework 3

Handout: 
Homework 4




Handout: 
Schramm handout on forces and particles

May 14:
#15 The force and particle zoo

Kane: Ch 1,4;




The four forces of nature
          *Kane: Ch 2; 




Particle families


Schramm




The Standard Model

                                    Supersymmetry and dark matter




Handout: QED comic 

May 16:
#16 Quantum mechanics


29-3;






Uncertainty principle                          QED comic

 


Virtual particles; pair production 





Active vacuum

                                    Quantum “noise”

May 18:
#17 The unification of forces


29-1,2;

                      

Where forces come from

Kane: Ch 9 (123-129)




Forces vary with distance






Concepts in unification

 


The Grand Unified Force (GUT)




GUTs at high temperatures




Handout:
Guth, Inflation

May  21:
#18 GUTS and the inflationary universe
29-1,2,3


What is inflation?


(review);




Isotropy/flatness problems

Guth 




GUT trigger of inflation

                                    The Universe just after inflation ended

Handout: 
Homework 4

Hand in:
Homework 5

May 23:
#19 Freezeouts and milestones

29-4,5




Pair production and annihilation 




What is a “freezeout?”




      Structure, particle, and force freezeouts

                                    Primordial nucleosynthesis




Why is there any matter left in the Universe?

                                          (the problem of baryogenesis)

May 25:
#20 The origin of structure in the Univ.
26-6 (review);
Klypin anim;




Examples of structure


28-8 (review);
2dF anim;




    Galaxies



29-6

Tully anim;




    Voids, walls




Millnium run;




    Large scale structure



Diemand MW




Gravitational instability picture (GIP)

anim; white




Hierarchical clustering



anim




Quantum noise origin of density fluctuations




Milky Way as a “quantum fluctuation”




Handout:
TBD on galaxy formation




May 28:
No class, Memorial Day

May 30: 
#21 The origin of galaxies


TBD

Hernqst anim;




Hierarchical clustering



HDF fly thru;

Galaxy collisions




Diemand MW

Disks and bulges




anim; collision




The Hubble sequence




anims




Galaxies back in time




Separation of dark matter and baryons




Handout: 
Linde, Self-reproducing inflation

Jun 1:

#22 The Planck time:  


29-7;




When QM and GR collide

Linde 




What is the Planck time?




Planck time as the limit of all knowledge




Eternal inflation




     The Universe as a quantum fluctuation




     The Universe as Schroedinger’s cat




“Before” the Planck time?




Higher dimensions; string theory




Many universes?


Jun 4:

Overflow lecture




Handout:
Study guide for final + old exam

Jun  6:

Review for final




Hand in:
Homework 5

                                    Handout:
Faber, Anthropic cosmology

Jun 8:

#23 Anthropic cosmology


Faber handout




Amazing coincidences



                                    Various versions of the anthropic principle

                                    Faber’s version of the anthropic principle

                                    The infinite ensemble?




God or many universes?




Handout: 
Student evaluations

Jun 14:

Final exam, 12:00-3:00

In class

Open book, open notes  

