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Let the initial mass function (IMF) of galactic star formation take the form of eq. (3.8), i.e.
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where 
[image: image2.wmf]dM

M

)

(

x

 is proportional to the number of stars formed with masses in the range 
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a) Calculate the predicted ratio of the number of stars formed in the mass ranges 
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I. A Salpeter IMF, with 
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II. A Miller-Scale IMF, with 
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b) Assuming that there exists a mass-luminosity relation of the form
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derive an expression for the initial stellar luminosity function 
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 is proportional to the number of Main Sequence stars formed with luminosities in the range 
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c) For the case of the Miller-Scalo IMF, calculate the ratio of the number of stars formed with Main Sequence luminosities in the ranges 
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d) How do your answers to part (a) and part (c) compare?


A simple model for the star formation rate (SFR) in the Milky Way is the function
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where 
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.  Take the age of the Milky Way to be 10 Gyr.

a) Using data from Table 1.1, on example sheet 5, show that according to this model only 1.6% of all 2 Solar mass stars ever made are still on the Main Sequence.

b) Given that the current SFR in the Milky Way disk is believed to be 
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, calculate the normalisation constant, 
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c) Hence calculate the total integrated mass density of stars (per square parsec) formed over the lifetime of the Milky Way to date, according to the model.

d) What fraction is this of the total mass density that will form over the (past and future) lifetime of the Milky Way, according to this model?

e) Suggest some of the weaknesses of such a simple model for the SFR of the Milky Way.


Over a given time interval, 
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 is a normalisation constant.  The total mass of stars formed in the range 
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a) Suppose that the SFR in the Milky Way disk has been a constant 
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 for the past Gyr.  Use this SFR to estimate the total mass of stars formed in the disk of the Milky Way over the past Gyr, assuming that the disk has a radius of 15 kpc.

b) Assuming a Salpeter IMF, and adopting 
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 for the lower and upper stellar mass limits, show that the total mass of stars formed in the past Gyr can be written in the form
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c) Hence estimate the constant 
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, in solar mass units.

d) Estimate the average number of stars formed per year.

e) Estimate the number of stars formed per year in the mass ranges 
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Eq. (3.17) predicts for the closed box model the mass, 
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, of stars with metallicity between 
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a) Explain why, when all of the gas is gone, the fraction of the mass in stars with metallicity between 
[image: image47.wmf]Z

 and 
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b) Hence show that, if the initial metallicity 
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, once all of the gas is gone the mean stellar metallicity is precisely equal to 
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Eqs. (3.9) to (3.15) derive, in the closed box model, an expression for the metallicity as a function of time.  Specifically, the closed box model assumes that no gas enters or leaves the system (see eq. 3.12).  Suppose instead that there is inflow of gas to the system, and the amount of inflowing gas is proportional to the mass of stars formed – i.e. 
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a) Show that eq. (3.11) now becomes 
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b) Hence show that 
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c) Explain why 
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It is given that the present-day Milky Way disk contains about 
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 of gas.  It is also given that the present-day typical metallicity of the Solar neighbourhood gas is 
[image: image60.wmf]Sun

7

.

0

Z

Z

»

.

a) Show that, in the closed box model, the following relation holds between the initial metallicity, 
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b) In a survey of 132 G-dwarfs, 33 stars were found to have less than 25% of the Sun’s iron abundance, while all the stars were found to have less than 70% of the Sun’s iron abundance.  Assuming that all G-dwarfs have equal mass, show that
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c) Show that the initial metallicity and the yield are related by the equation
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d) Hence show that 
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; i.e. if the gas in the Solar neighbourhood was initially metal-enriched to 17% of the Solar value, the observed G-dwarf iron abundances can be explained by the closed-box model.
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