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Problem 1: Galaxy Classi¯cation [8 poin ts]

Classify the galaxiesbelow:

Problem 2: Luminosit y Functions [10 poin ts]

The luminosity function of galaxiesis usually described with a Schechter function:

©(L) = ©¤ (L=L ¤)®e¡ (L=L ¤ )

where©(L) dL is the number of galaxiesper unit volume with luminosity betweenL and L + dL.

a) Supposeyou wishedto know the number of galaxiesper unit volume (known as \n umber density")
whoseluminosities werebrighter than L ¤. Set up the equation you would needto solve to derive this
quantit y, BUT DO NOT A CTUALL Y SOLVE IT!!! .



b) Now supposeyou wishedto know the total luminosity per unit volume (known as the \luminosit y
density") in galaxiesbrighter than L ¤. Set up the equation you would solve, BUT DO NOT
A CTUALL Y SOLVE IT!!! .

Problem 3: Dynamical Measumen ts [16 poin ts]

FOR THIS PR OBLEM, PLEASE EXPRESS YOUR ANSWERS IN A FEW W ORDS
AND/OR WELL LABELLED DIA GRAMS!!!!!

a) How are rotation curvesmeasured?

b) Why do °at rotation curvesimply the existenceof dark matter?

c) What is a velocity dispersion?



d) Why are high-masselliptical galaxies°attened (i.e. not spherical)?

Problem 4: Gas and Star Formation [18 poin ts]

a) Describe the 3 phasesof gasfound in galaxies?(Only 2-3 sentencesper phase,please{ include
information such as the state of the gas,how it's detected,whereit's located)

b) Why doesthe presenceof HI I regionsindicate the presenceof recent star formation?



c) Spiral arms are thought to be \density waves" propogating through the disk of the galaxy { i.e.
a wave which temporarily compressesthe stars and interstellar medium as it passesthrough a region of
the disk. Explain how the interstellar medium respondsto thesedensity waves,before,during, and
after their passage,consideringthe cycle of star formation.

Problem 5: Color Gradien ts in Spiral Galaxies [12 poin ts]

The above plot shows color gradients observed in a spiral galaxy, wherethe radius is measuredin
arcsecondsand the arrow marks oneexponential disk scalelength (i.e. h).

a) What are three possibleexplanationsfor the large scalecolor gradient between500and 4000?



b) Give at least onepossiblephysical argument for why you might expect such a large scalecolor
gradient. Considerwhat we've discussedabout galaxy formation and your answers in (a).

Problem 4: Sensible or Go ofy? [10 poin ts]

Basedupon your knowledgeof astronomy, would the following statements be reasonableto conclude,or
the sign of a derangedmind?

SANE INSANE Moderate changesin the low massslope of the Initial MassFunction (IMF)
can drastically changethe luminosity of a galaxy.

SANE INSANE High angular momentum regionsof the early universeare likely to form
ellipticals.

SANE INSANE Becausethe circular velocity (in km/s) of spiral galaxiesis roughly constant
with radius, the density is constant with radius.

SANE INSANE Becauseelliptical galaxy spectra are similar to the spectra of K-t ype stars,
star-formation must have endedmore than several gigayearsago.

SANE INSANE High densitiesin the interstellar medium supressstar formation.



Problem 4: Dark Matter and Planets. [20 poin ts]

Assumethat the dark matter halo of the Milky Way can be approximated as a \mo di¯ed isothermal
sphere",½hal o(r ) = ½0

a2

r 2+ a2 , with a coreradius a = 3kpc. The Milky Way's rotation curve hasbeen
measuredto be °at out to r » 17kpc, with an amplitude of Vc » 225km/s.

a) At large radii (r >> a), we can assumethat the dark matter dominatesthe enclosedmass.Show
that the °at rotation curve implies that ½hal o(r ) ¼ [ V 2

c
4¼G ] 1

r 2 at theseradii.

b) Basedupon the large radius behavior in (a), what is the value of ½0 for the Milky Way, in M ¯ =pc3?
(You may useG = 4:3 £ 10¡ 6 kpc (km/s) 2 / M ¯ .) REMEMBER TO CHECK YOUR UNITS!



c) What is the density of dark matter at the solar circle (r » 8:5kpc) in M ¯ =pc3?

d) How much dark matter is enclosedby the Earth's orbit? (You may usethe fact that 1 pc =
2:07£ 105 AU)

c) Show that there is no placein the galaxy wherethe dark matter could signi¯cantly a®ectthe motion
of similar planetary systems.

Problem 4: IsoX. [6 poin ts]

Brie°y explain the following:

a) Isochrone

b) Isophote


