ASTR 3730: Problem Set 1
(due Tuesday September 6™)

(1) The FERMI space telescope has recently detected flares from the Crab Nebula in
gamma-rays with an energy of around 100 MeV. Suppose that the quiescent flux _
from the Crab in photons of this energy is 10"’ erg cm™?s™ at Earth.

(a) What 1s the frequency and wavelength of 100 MeV photons?

(b) If the effective collecting area of FERMI for photons of 100 MeV energy is
10* em®, how many photons from the Crab does the telescope collect per day,
on average?

(2) Estimate the theoretical resolution of the human eye, assuming a pupil diameter
of 0.5 cm and a wavelength corresponding to that of green light (A = 0.5 pm).
Express the answer in arcminutes.

(3) A globular cluster has 10° stars distributed within a sphere of characteristic radius

~ of 1 parsec (1 pc). Estimate the distance, in kpc, out to which the Hubble Space
Telescope ought to be able to resolve individual stars within the cluster. Assume
that the ST has a mirror of diameter 2.4m, and works at a wavelength of A = 0.5
pm.

State clearly any assumptions you make about the distribution of sturs within the
cluster!

(4) The supermassive black hole at the Galactic Center {distance 8 kpc) has a
characteristic size given by the Schwarzschild radius:

2GM
R =
C

The mass of the black hole is about 4 x 10° Mgy,. Eslitnale the diameter, D, of a
radio telescope that would be needed to resolve structure on the scale of the
Schwarzschild radius, if the telescope works at a wavelength of 0.1 mm.
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ASTR 3730: Problem Set 2
(due Tuesday September 20

(1) The collapse of the core of a massive star in a Type 2 supernova results in the
formation of a neutron star and the release of large numbers of neutrinos.
Neutrinos have a very small cross-section for interaction with matter, but the
high densities encountered during stellar collapse mean that there can be
circumstances where the neutrinos become temporarily trapped before they
scatter and escape. '

(1) Consider a static star of mass M, radius r, made up of particles with
mass my,. If the cross-section for interaction between neutrinos and
matter is ¢, derive an expression for the radius of a star that is just
optically thick to neutrino emission from the core.

(i)  Evaluate this radius for a star of mass M = 1.4 Mgy, assuming a
neutrino-matter cross-section o = 10* cm?. @

*(2) Suppose some impulsive process releases a burst of radiation (photons or

neutrinos) at the center of a star of radius r. The optical depth between the

surface and the center is T>> 1. Estimate the characteristic time scale of the @
burst of radiation that would be seen by an observer, after the radiation has
diffusively propagated to the surface.

(3) Consider a small, optically thin cloud of gas that lies close to a nearby,
luminous point source of radiation. The gas has opacity x, which we will take
to be independent of frequency, while the luminous source has mass M and
luminosity L. Suppose that the luminosity exceeds the Eddington limit, so that
the action of radiation will eject the cloud. If the cloud starts at radius r, and is O
initially at rest, find an expression for the terminal velocity v that the cloud
will have when it is very far from the luminous source.

(4) We will be interested later in radiation transport within stars. Show that in a
spherical co-ordinate system, with the center of the star at the origin, the
transfer equation can be written in the form,

cosf dl, -

=S, -1 -
Kpdr 77 @

where 0 is the angle made between the direction of a ray and the outward
radial direction.
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