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Galaxies II:  Example Sheet 1

1. Consider a spherical star cluster of total mass 
[image: image32.wmf](
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, radius 
[image: image2.wmf]R

 and density 
[image: image3.wmf]r

 (assumed constant).  By dividing the cluster into a series of concentric shells, of radius 
[image: image4.wmf]dr

, show that the total gravitational potential energy of the cluster is given by
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where 
[image: image6.wmf]r

M

 is the mass interior to radius 
[image: image7.wmf]r

.  Hence show that
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Let 
[image: image9.wmf]K

 be the time-averaged kinetic energy of the stars in the cluster.  Using the virial theorem, which states that  
[image: image10.wmf]U
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, and assuming all stars in the cluster to have equal mass 
[image: image11.wmf]m

 , show that the central velocity dispersion 
[image: image12.wmf]0
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 of the stars in the cluster satisfies
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2. [image: image1.wmf]M

Given de Vaucouleurs’ formula for the surface brightness profile of an elliptical, 

show that the galaxy luminosity is equal to


[image: image14.wmf](
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(Non-examinable supplementary, for the mathematically curious!)

Show that the light within radius 
[image: image15.wmf]e

R

 may be written as
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and hence that   
[image: image17.wmf]!
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Using e.g. integration by parts, establish the recurrence relation 
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and hence show that
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i.e. the effective radius encloses half of the galaxy’s luminosity.

3.
Consider the spherical density distribution 
[image: image20.wmf])
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Compute the mass 
[image: image22.wmf]r

M

 contained within radius 
[image: image23.wmf]r

 for this density distribution.  Hence, or otherwise, show that the speed 
[image: image24.wmf])
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 of a circular orbit at radius 
[image: image25.wmf]r

 is given by
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Sketch 
[image: image27.wmf])
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 as a function of radius, and comment on why this density distribution is often used to model the distribution of dark matter in galaxy halos.

4.
The stars in the bulge of the Andromeda Galaxy, M31 have a central radial velocity dispersion, 
[image: image28.wmf]-1
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.
Estimate the mass within the innermost 0.2 arcsec of the bulge of M31, assuming that the distance of the galaxy is 825 kpc.

5.
Recently emission lines from gas in the radio galaxy M87 (a giant elliptical in the core of the Virgo cluster) have been observed with HST.  Orbital motions of 
[image: image29.wmf]-1
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 have been measured, at a radius of 0.25 arcsec from the centre of the galaxy.  Assuming that the distance of M87 is 16 Mpc, show that a mass of about 
[image: image30.wmf]9

10

 solar masses must lie inside this radius.  (Why was a space telescope needed to make this measurement?)

� EMBED Equation.3 ���
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