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Write down a general expression for the force of dynamical friction in the form
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where 
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, 
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 and 
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  are constants and 
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 is dimensionless.  Set up a system of three linear equations for 
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, such that 
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.  Solve for 
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 and 
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 and show that this leads to the expression for 
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 given in eq. (3.1) of your lecture notes, i.e.
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Consider the dynamical friction acting on a globular cluster, of mass 
[image: image16.wmf]M

, in a circular orbit in the halo of the Andromeda galaxy, M31.  Suppose that the orbital velocity of the globular cluster is typical of the flat rotation curve observed in the outer part of M31.  Let 
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 denote the density of the dark matter halo of M31 at the radius, 
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, of the globular cluster.

a) Show that the dynamical friction acting on the globular cluster is given by
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b) Write down an expression for the angular momentum, 
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, of the globular cluster and the torque, 
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, acting on it.

c) Use the relation 
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 to derive an expression for the time evolution of the orbital radius of the globular cluster, namely  
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, stating clearly any assumptions that you make.

d) Solve this differential equation to obtain an expression for the cluster lifetime, 
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, i.e. the timescale for the cluster to spiral from an initial radius, 
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, into the centre of M31:
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e) Invert this equation to find the orbital radius, 
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, of the most distant globular cluster that could have been captured within the estimated age, 
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, of M31.
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f) Can your expression for 
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 explain why there are no very massive (i.e. 
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) globular clusters observed around M31?
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The Large Magellanic Cloud, which has a mass of about 
[image: image35.wmf]Sun

10

10

2

M

M

´

=

, orbits the Milky Way at a distance of 
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.  Assuming that the Milky Way’s dark matter halo and flat rotation curve extend out to the distance of the LMC, estimate how long it will take for the LMC to spiral into the centre of the Milky Way, due to dynamical friction.

[ Take 
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c) What is responsible for the strong far-UV emission in the spectra for age 
[image: image39.wmf]³

 1 Gyr?

d) Can you explain why the shape of the spectrum shows almost no evolution between the age of 4 Gyr and 13 Gyr?  (Hint: consult the data in the table and figure below, reproduced from Sparke & Gallagher ‘Galaxies in the Universe’, to estimate the masses of stars leaving the Main Sequence when the age of the galaxy is between 4 and 13 Gyr.  What do you notice about the post-MS evolutionary tracks of these stars?)

[image: image40.png]Table 1.1 Stellar models with solar abundance

Mass Lzams Ter Spectral T™s Tred J(LdT)ws f(Ldr)vMS
(M) (Lo) (K) npe Myr)  My) (Gyrx L) (Gyrx L)
0.8 0.24 4860 K2 25000 — 10 —
1.0 0.69 5640 G5 9800 3200 10.8 24
1.25 2.1 6430 —_ 3900 1650 11.7 38
15 4.7 7110 F3 2700 900 16.2 13
2 16 9080 A2 1100 320 220 18
3 81 12250 B7 350 86 385 19
5 550 17180 B4 94 14 752 23
9 4100 25150 — 26 1.7 169 40
15 20 000 31050 — 12 1.1 360 67
25 79 000 37930 —_ 6.4 0.64 768 145
40 240 000 43 650 o5 43 0.47 1500 112
60 530 000 48 190 — 34 0.43 2550 9
85 1000000 50700 — 2.8 — 3900 -
120 1800000 53330 — 2.6 - 5200 ol

Note: L and Ty are for the zero age main sequence; spectral types are from Table 1.3; 7y is
main-sequence life; T, is time spent later as a red star (Ter < 6000 K); integrals give energy output
on the main sequence (MS), and in later stages (pMS).
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The figure on the right shows how the spectral energy distribution of a stellar population model evolves, from an age of � EMBED Equation.3  ��� to 13 Gyr.  (The model begins with a single burst of star formation at time � EMBED Equation.3  ���).


Explain the origin of the strong UV emission features in the uppermost spectrum, and why these decline sharply in the next three spectra.


What is responsible for the near infra-red ‘bump’ in the 2nd spectrum 


(age = 0.01 Gyr)?
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