Galaxies ASTR421
Prof. Richard Mushotzky Fall 2012

Homework 3
Due Oct 11

1. S&G Problem 2.8

The surface brightness is as seen by an external observer located far from the disk perpendicular to the
suns position (e.g. ignore galactic reddening). [10 marks]

2. S&G Problem 2.13

“Uniform sphere of stars” means a constant density sphere of stars. For the IMF (eq 2.5) the problem asks
you to consider the case for which there are no stars below 0.2 solar masses. The last section (it says ‘for
advanced students') is for extra credit. [20 + 5 marks]

3. S&G Problem 2.20 [15 marks]

4, S&G Problem 3.19

Comment on the physical significance of the result. Does it make sense? [15 marks]

5. Obtaining the Initial Mass Function

Write an essay about the IMF. What are the observational and theoretical difficulties in determining the
IMF, and how does one go about trying to resolve them? Include discussion of converting light to mass
(and uncertainties), effects of age and distance, etc. [15 marks]

6. A dusty question

Write an essay answering the following questions. Why does a fair fraction of a galaxy’s luminosity
appear in the IR? What is the source of IR photons? What does this tell us about star formation? Extra
credit: why is observing in the far IR exciting/important for galaxy evolution studies? [15 + 5 marks]



o Problem 2 8 By mtegratmg Equatton 2. 3, show that at rachus R the number of o :
L _stars per umt area (the surface dens1ty) of type S is E(R S) = 2n(0 0; S)hz(S)

: exp[ R/ h R(S)] If each has lummos1ty L(S) the surface bnghtness I (R Sy =

: L(S)Z(R S). Assununo that h  and h; are the same for all types of star show:

—fZJrI(R O)h2 o

*jf that the d13k’s total lummosrty L D

" Forthe Mrlky Way, taking: L’D =15 x 101°L® in the 4 band and hR =
s ;“ 4 kpc show that the dtsk’s surface bnghtness at the Sun’s posmon 8 kpc from the B

' center is ~70L@ pc“2 We w1ll seein Section 3.4 that the mass densny in the dlsk,“" :

s about (40—60)/\/{@ pc“2 so we have M/ Ly ~ 2—3 Why is thls larger than e
i M /LV for stars w1th1n lOO pc of the Sun” (Whlch stars are found only close to t

" the midplane?) -

could see w1th your unatded eye if you observed from the center of the Galaxy.

we see. about 7000 of them Assume that the Milky Way s nucleus is a uniform
,sphere of stars w1th radms 3 pc -and i ignore the drmrmn0 effects of dust What

mam—sequence star use Equauon 1. 6 to show that Leye corresponds to M &~
( .6M@i el i .
~ Inour srmple model almost all stars that spend less than 3 Gyr on 1 the main

fﬁsequence have HOW: died: accordmg to ‘Table 1.1, what stellar mass M, does

~ this co1respond to? Approxnuate the number £ (M)AM of main-sequence stars
Wlth masses between M and M + AM by Equation 2.5: E(M) oc M35 for

: kmass of mam-sequence stars with M < My, in terms of the parameter &. How

“dowe know that red glants ‘will contnbute little mass? Taking the total mass as ;

: O7M@, ﬁnd Eo, show that the nucleus contains Neye ~ 4 X lO6 main-sequence

" ::stars with L > Leye How do we know that many fewer red giants will be visible?
- (For advanced students stars w1th L < Leye will be seen as naked-eye stars if
"they are close enough to the observer Show that these make little drfference to

. the total Y

Problem 2 |3 Here we make a crude model to estimate how many stars you

:Naked—eye stars are those bnghter than apparent rnagnltude my ~ 5; from Earth,

rrs the lurmnos1ty Leye of a star that is seen 3pc away with my = 57 For a S i . , Sl t
k . The spec1ﬁc heat of a gravrtatmg system 1s negatlve - removmg eneroy makes- o

M O 2M@, w1th few stars of lower mass. Find the total number and total !

- Problem 2.20 Consider the spherical density distribution pu() with

the mass of a galaxv s dark halo Why?- '

‘ Problem 3. l? Wlth the temperature T deﬁned in Equanon 3. 59 find the kmetrc' s
- energy of a system w1th N stars each of mass m, and use the Vmal theorem to?’ e

show that its enercy 5 satrsﬁes

it hotter (As a mundane example thlnl( of an orbrtmg satelhte subJect to the'f‘.:

fnctlonal drao of the Earth’s atmosphere as it loses energy, the orb1t shrmks ancl ‘ "
s speed 1ncreases ) AL e L

(R 2,8) = n(0.8,3) ex/a(“ ﬁ (5)‘)079( e §)> (2.8)
/‘/((<f’) 2.8)
M <) = 5"@57 (3.57)
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