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log N - log S test for GRBs

BATSE results showed that a slope of -1.5 fit the distribution
of the brightest bursts, but that there were fewer faint bursts.

We can see the `edge’ of the distribution. ASTR 3830: Spring 2004
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GRBs and Supernovae

Della Valle et al. 2003

Type Ib/c

J.M. Lattimer Gamma Ray Burst Lecture



J.M. Lattimer Gamma Ray Burst Lecture



GRB Models

The Encylopedia of Science

J.M. Lattimer Gamma Ray Burst Lecture















RR	Lyrae	





Herschel�s map of the Galaxy 

9!

10!MilkyWay in optical light!



Now!the!Galaxy!is!being!covered!systemaOcally!with!spectra!!

GalacOc!Center!

SDSS/Apogee!!
Bovy!et!al!2014!
Nidever!et!al!2014!
DR12!unpublished!







Map of the Milky Way Galaxy!
The map has been !
using HI velocity data!
sec 2.3.1 in S+G !
!
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Theorists View of Dynamics of Stars in MW !
•  In cold dark matter theories of 

structure formation many mergers 
have occurred - it takes a VERY long 
time for the orbits to 'relax' and thus 
there should be dynamical signatures 
of the mergers !

•  Only in MW and LMC/SMC is there 
any chance to determine the 3-D 
distribution of velocities and 
positions to constrain such models in 
DETAIL. !

•  Look for signs of assembly of MW 
galaxy in our stellar halo (and thin/
thick disk)!
–  Stellar halo is conceivably all 

accreted material!
–  Stellar streams in the solar 

neighborhood!
H. Rix !

28!





























Grand design spiral 

Multiple arm spiral 

NGC 6946 

Flocculent spiral Most spiral arms are trailing 

How do the arms in spiral galaxies evolve with 
time?

Most spiral arms are 
found to be trailing. 

3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-3 3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-4

3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-3 3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-4

3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-3 3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-4This could be determined by looking at 
reddening in globular clusters / novae

globular clusters seen around disk galaxy.  amount of 
reddening indicated by whether circles are solid or open

allows us to determine which way a spiral galaxy is 
tilted.



What is nature of the arms in spiral arms?

Winding problem

12

Do the spiral arms travel at the same speed as the stars?  If spiral 
arms did,one would predict that the spiral arms in a galaxy would wind up very quickly.

Winding problem

The problem: most spiral galaxies would be tightly wound by
now, which is inconsistent with observations.

Spiral arms cannot be a static structure (i.e. at di↵erent times,
arms must be made of di↵erent stars)

13

The predicted outcome is in contrast to what is observed!



Stars in Spiral Galaxies are on Epicyclic orbits

Epicycle Approximation IV
An important question is: “When is the epicycle approximation valid?”

First consider the z-motion: The equation of motion, z̈ = −ν2z implies a
constant density in the z-direction. Hence, the epicycle approximation is
valid as long as ρ(z) is roughly constant. This is only approximately true
very close to equatorial plane. In general, however, epicycle approx. is poor
for motion in z-direction.

In the radial direction, we have to realize that the Taylor expansion is only
accurate sufficiently close to R = Rg . Hence, the epicycle approximation is
only valid for small librations around the guiding center; i.e., for orbits with
an angular momentum that is close to that of the corresponding circular
orbit.

Epicyclic Motion

The motion can be approximately described as the combination of 
orbital motion around a disk galaxy and an epicyclic motion in radius:

Orbital Frequency 
around Disk Galaxy =  

2π/Ω
Frequency of epicyclic 

motion = 2π/κ

3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-7 3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-8

The orbital frequency of a star Ω(R) 
can be written as follows 

Meanwhile, the frequency of epicyclic 
motion κ(R) can be written as follows:

3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-7 3-4-12see http://www.strw.leidenuniv.nl/˜ franx/college/galaxies12 12-c02-8

The frequency of epicycle motion is very similar to the orbital frequency:

In general, Ω < κ < 2 Ω
Near the solar system, the epicycle frequency κ ~ 1.3 Ω









Let’s consider snapshots in time where the star completes 
an entire epicyclic orbit.  Typically a star must complete 
70% of a revolution around a galaxy before this happens.
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Resonances can occur to reinforce structure in spiral arms 
of galaxies, if the epicyclic frequency of a stellar orbit is 
similar to the frequency at which a star orbitting around 

the galaxy encounters a spiral arm.

nκ = m(Ωp - Ω)

# of Spiral Arms
Orbital 

Frequency of 
Spiral Arms

Epicyclic 
Frequency Orbital 

Frequency of 
Stars on Circular 

Orbits

some integer
frequency at which orbiting stars 

encounter spiral arms

The only integers n for this relation that are interesting are 0, +1, -1.



Density Wave Theory
What astrophysical processes occur in these spiral density waves 

as they rotate around a spiral disk?

Outline
Spiral structure

Stellar kinematics

Density wave theory
Stochastic star formation model

The strongest confirmation came from studies of the interstellar
medium.

Piet van der Kruit, Kapteyn Astronomical Institute Stellar kinematics and spiral structure

Credit: van der Kruit 

at inner radii in spiral 
galaxies, stars travel 
faster than the spiral 

density wave.

it is only the old (low 
mass) stars that can 

travel far enough to get 
ahead of the spiral wave

hot (massive) stars do 
not travel much beyond 
the spiral density wave 

in which they are 
formed

gas and dust lanes 
(formed from the metal 

output of the 
supernovae explosions) 
indicate the position of 
the high density spiral 

density wave

the hot stars are somewhat ahead of the gas/
dust lane, since there is some time lag between 
when gravitational collapse begins and when the 
stars finally form (i.e., are on the main sequence)













M31	
Andromeda	














