
MiscMisc

1. 1. Final exam is scheduled for Final exam is scheduled for Monday, March 17, 1:30Monday, March 17, 1:30--
3:30PM here in KPTC 1063:30PM here in KPTC 106. . 

2. Second midterm is next Wednesday, usual class time (will 2. Second midterm is next Wednesday, usual class time (will 
be proctored by Dr. Brant Robertson and TAs). be proctored by Dr. Brant Robertson and TAs). 

3. Homework 4 is distributed today, 3. Homework 4 is distributed today, due Wednesdaydue Wednesday in class in class 
(also available on the class web site as PDF: (also available on the class web site as PDF: 
http://astro.uchicago.edu/~physci/120/winterhttp://astro.uchicago.edu/~physci/120/winter--2008/2008/ ))

4. Homework 3 is due today in class 4. Homework 3 is due today in class 

5. Today, we are covering material of 5. Today, we are covering material of S 26S 26--2, 262, 26--3, 263, 26--55

http://astro.uchicago.edu/~physci/120/winter-2008/


Lecture 13Lecture 13

Expansion of the Universe. Cosmological Expansion of the Universe. Cosmological redshiftredshift. . 
The age of the Universe and the Big Bang. The age of the Universe and the Big Bang. 



Black hole in front of the Milky Way.

Theory of general relativity states that 
mass and energy (related by E=mc2) 
can stretch and curve the space-time.



Alexander Friedmann

FriedmannFriedmann’’ss solution of Einsteinsolution of Einstein’’s equations:s equations:
expansion history of the Universe depends on the expansion history of the Universe depends on the 

matter and energy content of the Universematter and energy content of the Universe



An analogy:An analogy:



Hubble’s law implies that the space is expanding

Hubble law: velocity = H times distance
where H is a constant now called the Hubble constant

Distance in parsecs (1 parsec = 3.26 light years, 1 million parsDistance in parsecs (1 parsec = 3.26 light years, 1 million parsecs = ecs = MegaparsecMegaparsec or or MpcMpc))

VelocityVelocity
inferredinferred

from galaxyfrom galaxy
spectrumspectrum
in km/sin km/s



Two dimensional analogy. Two dimensional analogy. 

Note that observer in each galaxy would see all other galaxies 
moving away from her!  





Two sources of spectral line shiftsTwo sources of spectral line shifts
1) The usual Doppler spectral red- or blue-shift is due to physical motion 
of objects away or towards observer

2) Cosmological redshift is due to expansion of space itself



cz

redshift

Galaxy Galaxy redshiftsredshifts can be due to both their can be due to both their 
physical motion with respect to us physical motion with respect to us 
and due to cosmological and due to cosmological redshiftredshift

spread in redshifts
at fixed distance due 

to motions of 
galaxies in a cluster

Redshifts proptional
to distance due to 

expansion of space



Gravitationally bound objects are held Gravitationally bound objects are held 
together by their own gravity and together by their own gravity and 
do not expand with the Universedo not expand with the Universe



Cosmological Cosmological redshiftredshift
due to expansion of spacedue to expansion of space

1+z = Rnow/Rthen = 1/Rthen

Where z corresponds to a shift of wavelength and frequency 
of light as the Universe expands from the epoch when scale 
factor is Rthen to the current epoch corresponding to Rnow. 

For example, z=1 corresponds to the epoch when the 
Universe was twice “smaller” than now. 



The last paragraph of the The last paragraph of the 
HubbleHubble’’s 1929 papers 1929 paper



Hubble constant:Hubble constant:
and the age of the Universeand the age of the Universe

Inverse of the Hubble constant has units of time 
and corresponds to the age of the Universe

If we use H to be ~500 km/s/Mpc, as estimated by 
Hubble, the age will be ~2 billion years.  



age of the Universe age of the Universe 
at different at different redshiftsredshifts



Expansion of the Universe Expansion of the Universe 
and the and the OlbersOlbers paradox of the dark night paradox of the dark night 

skysky





The Big Bang in the beginningThe Big Bang in the beginning

time

t=0
(or t=Planck time)



The Big BangThe Big Bang



The Big BangThe Big Bang
Did not have a center!


