
PH 365 / AA 365: Galaxies and ISM
Homework Problem Set – II

Q1. (a) The jet from the central AGN of a radio loud source is highly relativistic with Γ = 4 for the
bulk motion. Viewed at what angle from the jet axis, one will see the maximum apparent velocity of
the jet? (b) Ignoring spectral index, what will be the boosting of the brightness at this viewing
angle? (c) Show a schematic of the broadband spectral energy distribution of an AGN, and briefly
explain the various components.

Q2.  (a)  Consider  an  optically  thick  and  geometrically  thin  accretion  disk.  Show  how  the
temperature of the disk functionally depends on the mass of the central object, the accretion rate and
the  radius.  (b)  Show  schematically  the  disk  blackbody  spectrum  for  an  accretion  disk  with
temperature in the range Tin – Tout. (c) If radio loud sources are classified as Blazar, QSR and Radio
galaxies for the viewing angle of < 5 deg, < 45 deg and >  45 deg respectively, for a redshift range
limited complete  sample what will  be the fractions of these three types of sources? (d) In this
picture, what will be the ratio of the median linear size of the QSRs and the Radio galaxies?

Q3. (a) Argue why morphology – density correlation in a galaxy cluster implies the presence of
coherent  substructure?  (b)  How does  the  dynamical  friction  force  depends  on the  mass  of  the
subject and its velocity at small and large velocity limits? (c) 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.

Q4. (a) What are the main heating and cooling mechanisms of the ISM? (b) Briefly explain what is
natural broadening, Doppler broadening and collisional broadening. What line profile do they give
rise to? What is Voigt profile? (c) What is Curve of Growth? Starting from basic consideration,
derive the column density dependence of the equivalent width for different part of the CoG.

Q5. (a) What is Stromgren sphere? Express the Stromgren sphere radius in terms of rate of stellar
ionizing photons, density and recombination rate coefficient. (b) What drives the early time and the
late time evolution of the radius of the ionized region? (c) Derive the expression for the ionization
front velocity v(t) at early times. 

Q6. (a) What is the final stage of evolution of an H II region? 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?  (b)  Show  schematically  typical  low  frequency
spectrum  of  free-free  emission  from  H  II  region  mentioning  the  frequency  and  temperature
dependence. (c) What determines the temperature of the H II regions? Outline the physical reason
behind  the  fairly  narrow  range  of  temperature  of  H  II  regions  independent  of  the  effective
temperature of the central star.

Q7. (a) What is excitation temperature? (b) Considering both radiative and collisional excitation and
deexcitation, relate excitation temperature with the brightness temperature of the radiation field and
the kinetic temperature of the gas. (c) In what condition excitation temperature will be same as (i)
the kinetic temperature and (ii) the brightness temperature of the radiation field?

Q8. (a) Consider line radiative transfer to derive the relation between absorption coefficient and
spontaneous emission coefficient for the transition. (b) Use this relation to show that the neutral
hydrogen  column  density  is  proportional  to  the  integrated  21  cm  optical  depth  and  the  spin
temperature. (c) Why atomic ISM at intermediate density range is considered to be unstable?



Q9. (a) From dimensional argument, find out how radius R(t) and velocity v(t) changes with time
during the energy conserving phase of supernova evolution. (b) What is the efficiency of converting
mechanical energy of the explosion to the thermal energy of the ISM in this phase? (c) Consider the
late phase evolution of supernova explosion. Show that R(t) scales at t1/4 and v(t) scales as t-3/4 at
very late time.

Q10. (a) What is the relation between dust optical depth and extinction magnitude? (b) Show a
schematic dust extinction curve for Rv = 2.5 and 5, and point out the prominent spectral features. (c)
Derive, from basic consideration, the scaling relation between equilibrium dust temperature and
distance of the dust particle from the radiation source. (d) Explain why the smaller dust grains
typically have higher temperature.

Galaxies and ISM : Topics covered after the mid-semester exam.

I. Galaxies

Observational  properties  of  different  types  of  galaxies,  quasars  and  radio  galaxies,  black  hole
paradigm and accretion onto the central object,  broadband emission features, unification schemes
and various relativistic and geometric effects

Group  and  Cluster  of  galaxies:  Dynamics  and  mass  estimates,  morphology  density  relations,
intracluster gas, cooling flow, Sunyaev-Zel’dovich effect

Tidal interactions, merger, dynamical friction and application in orbit decay

Formation and evolution of galaxies: galaxy colour and luminosity, blue and red galaxies, top-down
vs. Bottom-up scenario, importance of initial condition, cooling, angular momentum and interaction

II. ISM

ISM basics, different components, equilibrium, multiple phases, heating and cooling mechanisms,
two-/three- phase medium, observational evidences – absorption, emission, spectral lines

Line radiative transfer, H I 21 cm line and Recombination line, Curve of Growth, line broadening

H II region, thermal and ionization equilibrium, dynamics, continuum and spectral line, temperature
of  the  H  II  regions,  shocks,  stellar  wind,  supernova  explosion,  efficiency  of  energy  transfer,
Interstellar turbulence

Interstellar dust, role of dust in ISM, observational signatures, constituents, extinction, polarization,
growth and destruction, size distribution, dust temperature in equilibrium and non-equilibrium


