
PH 365 : Galaxies and ISM
Homework Problem Set – I

Q1. (a) In the context of the great debate, what led Shapley to conclude that the Milky Way is a
large Galaxy and that the position of the Sun/Solar system is not at/near the center of the Galaxy?
(b) On the other hand, what went wrong in his arguments regarding the nature of the spiral nebulae?
(c) From observations of “novae” in one spiral nebula and its angular size, Curtis deduced it to be
about 100 kpc away, and hence island universe outside Milky Way. How did he reached the right
conclusion despite of using an erroneous vlaue for the size of the spiral nebula?

Q2. (a) What is the Local Standard of Rest?  (b) The observed terminal velocity along the line of
sight at Galactic longitude of l = 30 deg is 130 km s-1. Assume the circular velocity to be 220 km s-1

at  the solar  circle  (8 kpc from the Galactic  centre),  what  then  is  the galactocentric  radius  and
circular speed at the tangent point for that line of sight? (c) If the proper motion of the starts of a
star cluster is μ, the “convergent point” of the cluster is at an angular separation θ from the current
central position, and the radial outward component of the velocity is vr  , derive the distance to the
cluster in terms of μ, θ and vr , assuming a constant physical diameter of the cluster.

Q3. (a) For an axisymmetric potential  with near-circular orbits,  derive the relation between the
epicyclic frequency and the Oort’s constants. (b) If the circular velocity for a potential increases
linearly with radius R, what will be the ratio of the epicyclic frequency to the circular frequency?
(c) Show that a power law density profile will results in a flat circular velocity curve when the
power law index is -2. 

Q4. (a) Write down the Collisionless Boltzmann Equation explaining the notations. (b) If the steady
state distribution function f is a function of only the integrals of the motion, explain why it will
satisfy the CBE? (c) Consider two many-body systems A and B. For A, f is function of only energy,
but for B it is a function of both energy and angular momentum. Qualitatively, what will be the
difference between the two systems?

Q5. (a) Starting with the radial component of the Jeans’ equation (in spherical coordinate), 

where ν is density, r is radius, σrr, σt1 are the radial and the tangential velocity dispersion, show that 

What is  β here? (b) Zwicky pointed out the missing mass problem in galaxy clusters. Consider
typical galaxy with radius 10 kpc and velocity dispersion 300 km s-1, and typical cluster containing
100  galaxies  within  radius  1  Mpc  shows  velocity  dispersion  of  1000  km  s -1.  Under  suitable
approximation, using the above relation, estimate the ratio of the total dynamical mass of all the
galaxies in the cluster to the total dynamical mass of the cluster. 



Q6. (a) Write down the isochrone potential. Show that the velocity profile for this potential at large
r is same as the Keplerian velocity. (b) Also show that, at small r, the potential is equivalent to that
of a homogeneous sphere. (c) Derive the density profile for this potential and show that the density
falls as r-4 at large r.

Q7. (a)  How are the Oort’s  constants A and B related to the circular  velocity  v c  and its  radial
gradient? (b) Assuming the circular velocity to be 220 km  s-1 at the solar circle (8 kpc from the
Galactic centre), what are the value of A and B for a Keplerian rotation?

Q8.  (a) A stellar orbit in an axisymmetric potential, when viewed from a rotating frame, closes after
three radial and two azimuthal oscillation. Draw schematically the orbit as seen from the rotating
frame. (b) What is the angular velocity of the rotating frame in terms of the circular frequency and
the epicyclic frequency in this case? (c) Based on isophote shapes, elliptical are classified as either
disky or boxy. How can one quantify “diskiness” of an elliptical galaxy? 

Q9. (a) What is winding problem for spiral galaxy arm? Is it more severe in material arm or in
kinematic density wave? (b) Consider typical galaxy parameter of almost constant circular velocity
of 220 km s-1, and d(Ω – κ/2)/dR = 0.4 km s-1kpc-2 at R = 10 kpc. Starting with a straight radial arm
at  t  = 0,  what will  be the spiral  pitch angle at  t  = 10 Gyr for material  arm and density  wave
scenario? (c) Explain schematically, why it is hard to determine if a spiral arm is leading or trailing
from direct observations? What auxiliary observation can solve this difficulty?

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

 – Milky Way as a Galaxy, Star Count and Kapteyn Model, Shapley-Curtis debate

 – Milky Way in different wavelength, its structure, scale, mass and components – central black
hole, dark matter, stars in bulge/disk, interstellar medium, different components of the ISM, ISM
cycle

 –  Coordinate system and reference frame, Various ways of measurement of distances and velocity
(radial  and  tangential,  proper  motion),  terminal  velocity  measurement  and  rotation  curve  as
evidence of dark matter halo, Oort’s constant and its measurements

  –  Stellar encounter in N-body system and relaxation, virial theorem and its applications, 

– Distribution function and Collisionless Boltzmann Equation,  steady state density profile from
distribution function, different isotropic density models, potential theory and density-potential pair
for spherical (and other) systems

–  Dynamics:  Spiral  arms,  winding  dilemma,  spiral  density  wave,  pattern  speed,  resonances,
Moment of collisionless Boltzmann Equation – Jeans’ equation, its applications

 –  Orbital  structure,  radial  period and orbital  period,  axisymmetric  potential  and near  circular
orbits, epicyclic frequency and vertical/angular frequency, relation with Oort’s constants

 –  Photometry  of  elliptical  galaxies,  shapes,  correlation  among parameters,  intrinsic  axis  ratio,
photometry of spiral galaxies, bulge-disk decomposition


