
Announcements
• Exam #3 will be in class on Wednesday, 
November 30.
• Office hours in 702 VAN: Tuesday 1-3 pm, 
Wednesday 10-11 am, or by appointment.
• Astronomy tutorial Tuesday 3-5 and 7-9 pm 
in 310 VAN.

• Final exam will be Wednesday, December 
14, at 9:45 am in LR1 VAN.  



Expansion of the Universe

Larger distance means we 
are looking further into the 
past.

Decelerating Universe:
If the rate of expansion of the 
universe was faster in the 
past, we should see larger 
velocities for larger 
distances.

Accelerating Universe:
If the expansion rate was 
slower in the distant past, we 
should see lower velocities 
for large distances.



  

Accelerating Universe



  

 The fact that Type Ia supernovae at a large 
distances have __________ redshifts than 
expected for a Universe expanding at a 
constant rate showed that the expansion of 
our universe is accelerating.

A) tastier
B) the same
C) larger
D) smaller



  

Temperature variations in 
the Cosmic Microwave 
Background (CMB) are 
observed to be about 0.0003 
K.  The expected physical 
size of the hot/cold regions 
can be calculated.

 



  

Curvature of the Universe

The curvature of the Universe is 
determined by the density parameter 0

0=
ρ
ρC

Measurement of CMB fluctuations gives

0=1 .02±0 .02

0 < 1  negative curvature

0 > 1  positive curvature



  

 Observations of hot spots in the Cosmic 
Background Radiation suggest that we live in 
a __________ universe.

A) cruel
B) negatively curved
C) positively curved
D) flat



  

 Why are the first photons the we detect from a time 
roughly 380,000 years after the Big Bang?

A) Because of the size of our telescopes; bigger 
telescopes could detect photons from earlier times.

B) At the start of the Big Bang, everything existed in the 
form of matter and anti-matter, which didn't annihilate 
and create energy until this time.

C) Before this time, all of the photons were absorbed by 
matter as part of the process of building the first stars.

D) Before this time, free electrons absorbed and 
scattered any photons, preventing them from moving 
through the universe.



  

Equation Sheet


