
PRIMACK1(a). In su
h an EdS model, the present epo
h horizon is 2
=Ho = 3
to to the distan
eto the horizon is 3(14 billion) light years = 42 billion light years.(b) The distan
e to the 
osmi
 ba
kground radiation sphere would be only slightlyless than 42 billion light years today, so when the univere was 1001 times smaller thisdistan
e was about 42 million light years.(
) The distan
e to the horizon is the integral from 0 to to of dt/a whi
h equals theintegral from 0 to 1 of da=(a2H). Sin
e H is always smaller for the 
at Lambda>0
ase 
ompared to the EdS 
ase of Lambda=0, the answers to (a) and (b) would begreater. (The answers a
tually are about 66 billion light years for the same Ho = 47km/s/Mp
 and 66 million light years.)2. Standard textbook material, but I'm assuming this is a 
losed book exam. Equatemean free time tf = 1=(n�v) to the Hubble time = (G�)�1=2 = MP l=T 2 where thePlan
k mass MP l = 1019 GeV and noting that the weak 
ross se
tion � = G2FT 2 andthe Fermi 
onstant GF = 10�5GeV �2. This gives T=1 MeV, and the 
orrespondingtime is about 1 se
ond.MADAU{Maria has solutionAGUIRRE{Maria has solutionsGLATZMAIER{Maria has solutionsBODENHEIMER|a) 1) dire
t resolved image in opti
al from HST, 2) infrared ex
ess in spe
trum ofyoung star 3) Keplerian velo
ity pro�le observed from line observations in CO in radio4) UV ex
ess in young stars 
aused by a

retion of disk material onto star. The rangeof disk lifetimes is determined by observing the fra
tion of stars in young 
lusters ofvarious ages (determined by stellar evolutionary tra
ks) that have near or mid infraredex
ess. The median lifetime is about 3 Myr whi
h implies that giant planet formationtimes must be 5 Myr or less.



b) �P�Z = � GM�Z(R2 + Z2)3=2
) Magnetorotational instability (if �eld 
oupled to gas). tevol � R2=� where R isthe radial s
ale and � is the vis
osity. If the vis
osity is approximated by the alpha-formula, � = �
sH then for a typi
al disk at 5 AU with � = 10�3 tevol � 5 � 105 yrwith a temperature of 150 K and H=R = 0:07.ANS:a) The semimajor axes are 16 and 360 AU and the spe
i�
 angular momenta are2:27� 1020 and 1:14� 1021. The orbital velo
ity is about 2 km/s. The system 
ouldhave formed in a 
luster environment by fragmentation during 
ollapse of a mole
ular
loud to produ
e the inner binary, and then 
apture of the low-mass 
ompanion.b) 0.58 AU (using the mass-luminosity relation to estimate the luminosity of an 0.8solar mass star and �nding the distan
e where the 
ux equals the solar 
onstant). Thisorbit is almost 
ertainly stable in a 16 AU binary. Around the low-mass 
ompanionthe orbit in the habitable zone would be tidally lo
ked and 
ir
ular, and again almost
ertainly stable.PROCHASKA (Q+A)� Jason Pro
haska: Astron 230 Low Density Astrophysi
sConsider an OB star in the Milky Way whi
h lies far behind a neutral Hydrogen gas
loud with density nH = 10 
m�3 and temperature T = 8000K.(a) Using the equation of radiative transfer, derive an expression for the Intensity ofthe star I� at Earth. Express your answer in terms of the opti
al depth �� (whered�� = ���ds) and the Intensity at the star I�(0).Solution:The radiative transfer equation is:dI�ds = ���I� + j�Substituting for ds and integrating, we have:I� = I�(0)e���r + ��rZ0 j��� e���d��where ��r is the total opti
al depth through the 
loud.(b) The equivalent width of a transition with 
entral wavelength �0 is de�ned to be



W� = �20
 1Z0 � 1� I�I�(0) � d�Estimate W�(Ly�) in m�A for for a 
loud with size ` = 1010
m. You should know thatthe opa
ity from Ly� is: �� = ��nHI = �e2me
fLy���nHIwhere fLy� = 0:416, �Ly� = �0 = 1215:67�A, and �� is the line pro�le.Solution: At T = 8000K, the 
loud is predominantly neutral so that the 
olumndensity of HI gas is NHI = `nH = 1011 
m�2. The student should realize (or 
al
ulate)that this 
olumn density is small enough that we are in the opti
ally thin limit. Forexample, the peak opti
al depth of the line pro�le is�0 = 0:015NHI�f=b = 6� 10�3where b =p(2kT=m).In this 
ase, W� = �20
 1Z0 ��rd� = �20
 1Z0 ��r`d�The integral integrates trivially over the line pro�le �� , and we have:W� = �e2me
2 (f�2)Ly�nHI`Plugging and 
hugging, I get 0.54 m�A.ILLINGWORTH { no answers supplied for 207 or 240BWOOSLEY { no answers supplied for 220CMAX { answers supplied in pdf format only.BOLTE { no answersLAUGHLIN { no answers to three but answer to 204A:



(a) Using the Eddington approximation (q(�) � 23), we have that T 4 = 34T 4eff (� +23). Hen
e at � = 2, T (2) = 21=4Teff . With our LTE assumption, the Boltzmannex
itation equation gives n2=n1 = (g2=g1) exp�E=kT . At Teff , n2=n1 = 2. Hen
e,�E = � ln(0:5)kTeff .Therefore, at � = 2, n2=n1 = 4 expln(0:5)=21=4 = 2:23.(b) As the ex
itation level be
omes large, nm=n1 !1.(
) The divergan
e of the partition fun
tion re
e
ts the large phase spa
e availableto atoms in highly ex
ited states, whi
h dominates the �nite Boltzmann fa
tor. Theresolution to this dilemma is to realize that high values for N 
orrespond to very largeatoms, and in a stellar gas, the approximation of isolated atoms fails for large N. Theproblem is solved by following Debye and assuming that the only levels that are boundare those 
ontained within the average volume available to the ions.LIN { answers for 2 of three questionsAnswer 1: The longitude of periapse pre
esses and its rate of pre
ession is modulatedon the same time s
ale as that of e

entri
ity modulation. The amplitude of semimajor axis modulation is mu
h smaller. The 
ause for this modulation is due Jupiter'sse
ular intera
tion with Saturn. Due to this intera
tion, the orbits of both planets arenot 
losed. A net amount of angular momentum is ex
hanged between them. Thedire
tion of magnitude of angular momentum ex
hange is determined by the relativelongitude of the two planets' peri apse. Be
ause the 
hange is small, ea
h synodi
en
ounter between the two planets is 
orrelated with its pro
eding en
ounters. Ifthe periods of Jupiter and Saturn are 
ommensurate (ie their ratio is that betweentwo small integers), they are in mean motion resonan
e and the amplitude of bothe

entri
ity and semi major axis modulations will be mu
h larger on a mu
h shortertime s
ale. The orbital 
on�guration between Io and Europa is an ex
ellent exampleof a 2:1 mean motion resonan
e.answer 2 The red 
olor on the surfa
e of Mars is 
aused by the oxidation of its 
rust.In this hypothesis, Mars on
e had an extensive atmosphere with 
onsiderable amountof water mole
ules. The water mole
ules be
ame photo disso
iated with the hydrogenes
aping the Mars' gravity �eld. The residual oxygen 
ombined with iron and sili
atesto provide the redish substan
es on the surfa
e of Mars. Re
ent missions providedstrong eviden
es that liquid water on
e 
own on the surfa
e of Mars. In order forwater to attain a liquid state, the Marsian atmosphere must have been at least a largefra
tion of the Earth atmosphere. In 
omparison with the atmospheri
 
ontent of Marstoday, a substantial atmospheri
 loss may be inferred. The main di�eren
e betweenthe Earth and Mars is the mu
h larger magneti
 �eld and gravity of the former. Theparti
les trapped in the Earth magnetosphere provides a shield against the disso
iatingphotons. The mu
h large gravity also prolong the es
ape rate for the free hydrogen



su
h that they are more likely to re
ombine with the oxygen before es
aping. TheMoon has mu
h smaller gravity than Mars. Even the free oxygen would es
ape sothey 
annot e�e
tively oxydize the lunar surfa
e.ROCKOSIa) For these restri
tions, the max 
ollimator diameter is set by the small (perpendi
ularto the ruling dire
tion) dimension of the grating. Grating B gives R=1500 for a 2"slit in �rst order, with d
ol 306mm. For grating A, it is ne
essary to narrow the slit,and the tradeo� is losing light. Also possible to use the grating in se
ond order, butthe eÆ
ien
y goes down, as the blaze peak in se
ond order is at 2500A. On the otherhand, grating A results in a larger spe
trometer, making it more likely to have 
exureproblems, and requiring larger and therefore more expensive opti
s. More lines/mm ina grating the size of grating B would give the desired resolving power in the smaller-sized spe
trograph. Going to higher order would also help, though there is an eÆ
ien
ypenalty.b) Dt goes from 3m to 10m, so R goes down. The easy thing to do is make theslit more narrow, whi
h helps get ba
k R. More lines/mm in the grating is possible;the required ruling is 833 l/mm, well within the available ruling density of re
e
tiongratings. Holographi
 ruled gratings allow even more possibility.
) The beam size (d
ol, and possible the width of the grating) need to be in
reasedto make room for the multiple spe
tra. Making a pupil at the grating would redu
ethe spe
trograph size. Making a �ber, rather than slitmask, spe
trograph would alsoredu
e the required beam size.Ro
kosi question 2 answera) bandgap is too small, IR photon doesn't have enough energy elevate an ele
troninto the bandgap.b) the small bandgap of HeCdTe gives more dark 
urrent than Si with its largerbandgap.
) Thermal emission is an in
reasingly dominant sour
e of ba
kground at wavelengthsnear or greater than 2 mi
rons, so tuning the 
uto� so that the dete
tor is sensitiveto only the desired IR photons is a better idea than leaving it sensitive to 20 mi
rons.Spitzer's thermal ba
kground is mu
h lower be
ause it is outside the atmosphere.d) how far o�-axis the sour
e is (or, for extended sour
es, its angular size) and thethe wavelength window, lambda/delta-lambda. So interferometry is easier at longerwavelengths, and for smaller wavelength windows, but the penalty is the redu
tion inS/N for smaller wavelength windows.


