Ay 124 – Homework #3

Posted on Friday, Feb. 11  – Due by 5 pm on Friday, Feb. 18 (directly to the TA)

1. [20 points] A star cluster of radius R orbits the Milky Way at Galactocentric radius r with angular velocity (.  Show that Galactic differential rotation will lead to disruption unless the cluster density exceeds  (3/(G) A(A-B) where A and B are the Oort constants appropriate at radius r.

2. [30 points] Consider the forces acting on a star at a vertical distance Z above a uniform circular disk.

a. Under what assumptions will the vertical force Fz exerted by the plane be governed by the equation:

Fz = - 4(G   ∫ ((z)  dz

where the limits of the integral run from 0 to Z?

b. Determine the form of Fz at both small and large vertical distances Z.

c. Kuijken & Gilmore considered a more realistic Galactic model where:

Fz / (2(G ) =  [Az  / ( z2+B2 )½  ]  + 2Cz

Using your earlier result, indicate how the constants A, B and C relate to physical parameters of the Galactic disk and a spheroid of axis ratio q = c/a  (where q (1).

3.  [30 points] Modify the “closed box” model for chemical evolution in a stellar system by permitting an external supply or outflow of gas from the system. Assume a time-independent heavy element yield p, complete mixing, instantaneous recycling and Z << 1. Show that if gas with metallicity f is being added or removed at rate dMf / dt, the evolution of Z is governed by:

                                        (dZ / dt ) Mg    -  p (dMs / dt ) = ( Zf – Z) (dMf  /dt )

In the case of gas outflow at a constant fraction ( of the star formation rate, i.e., dMf / dt = - ( (dMs / dt) , show that when the gas fraction is x:

                                         Z   =  p (1 + ( )-1  ln [ 1 + ( 1 + () (x-1 – 1)] 

1. [20 points]  Consider a Schechter luminosity function (LF) with L* = 10 10 L(, ( = –1.2, and (* = 0.01 galaxies/Mpc3.

a. Integrate this LF to find the mean luminosity density in L(/Mpc3.  What fraction of that is contributed by galaxies fainter than L*?

b. Express the result as a function of the slope (.  For what values of ( does the integral diverge, predicting an infinite luminosity density?
