
End-semester examination
PH 365 : Galaxies and ISM

April 24, 2019

Full marks: 50 (5 x 10)                                                                                              Duration: 2 hours

Answer any 5 questions. Answers for 5 questions with lowest scores will only be considered. 

Q.1 (a) From basic  considerations,  derive  how the  temperature  T(r)  of  a  radiatively
efficient thin disk depends on the black hole mass, the mass accretion rate and the radius? (b) Show
how this implies a spectral index of ~ 0.33 for the disk blackbody spectrum at the intermediate
range of  frequencies.  (c) Show that  a  thin  Keplerian  disk in  hydrostatic  equilibrium will  have
supersonic  rotational  velocity.  (d) List  four  key  supporting  points  used  in  favour  of  the  AGN
unification scheme.                                                                                                            2 + 2 + 2 + 4

Q.2 (a) Show how the observations of the X-ray flux from thermal Bremsstrahlung and
the thermal Sunyaev-Zel’dovich optical depth from the ICM can be used to estimate luminosity
distance. (b) Derive the relation between the Roche limit/radius and the density of the body under
tidal force, and justify why tidal interaction strip off the outer part more easily.  (c) In bottom-up
formation model,  explain the roles of density and angular momentum of protogalactic cloud in
galaxy morphology types?                                                                                                       4 + 3 + 3

Q.3 (a) Briefly explain what is natural broadening, Doppler broadening and collisional
broadening. What line profile do they give rise to?  (b) What is Curve of Growth? Starting from
basic consideration, derive the column density dependence of the equivalent width for different part
of the CoG. (c) What is Trumpler effect? What explains the observed Trumpler effect?       3 + 5 + 2

Q.4 (a) For simple stellar wind model, derive the shock velocity v(t), and show that it
scales as t-2/5  and n-1/5.  (b) What is  Stromgren sphere? If  the temperature of the neutral  and the
ionized region are 100 K and 10000 K respectively, what is the final radius of the H II region in
comparison to the Stromgren sphere radius? (c) Show schematically typical low frequency spectrum
of free-free emission from H II region mentioning the frequency and temperature dependence. (d)
What properties of the observed Ca II H and K lines and Na I D doublets in star  spectra first
indicated the presence of intervening ISM?                                                                      3 + 3 + 2 + 2

Q.5 (a) What determines the temperature of the H II regions? Outline the reason behind
the narrow range of temperature of H II regions for different effective temperature of the central
star.  (b) Show that  for  typical  parameter  values,  the  ionization  fraction  of  the  ISM inside  the
Stromgren sphere is very close to 1. (c) What is excitation temperature? What are the implications
and possible consequences of excitation temperature being negative?                                   4 + 4 + 2

Q.6 (a) Show a schematic dust extinction curve for Rv = 2.5 and 5, and point out the
prominent  spectral  features.  (b)  Derive,  from basic  consideration,  the  scaling  relation  between
equilibrium dust temperature and distance of the dust particle from the radiation source. (c) Show
that the dust extinction magnitude is proportional to dust optical depth. (d) How can dust in the
interstellar medium produce polarized radiation?                                                             3 + 3 + 2 + 2


