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Aufgabe 1. Dynamical Friction
Under the assumption of an isotropic velocity distribution one can obtain Chandrasekhars dynamical friction formula:
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(a) Describe the process of dynamical friction, using your own words (1 point).
(b) Use equation (1) to derive a dynamical friction formula for small vM (1 point).
(c) Use equation (1) to derive a dynamical friction formula for large vM (1 point). Hint: For
large vM the integral from (1) gives the number density divided by a constant.
(d) Under the assumption of a maxwellian distribution for the velocity (f (va ) = (2πσn2 )3/2 exp(−va2 /2σ 2 ))
derive a friction formula
from equationi 1 (1 point). Hint: The solution to this task is:
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(e) Use the result of (d) to derive the effect of dynamical friction on a black hole in an isothermal
sphere with the denisty profile ρ(r) = vc2 /4πGr2 . Find the force on the black hole caused by
dynmaical friction for X=1 (1 point).
(f) Calculate the angular momentum loss of the black hole (1 point).
(g) Use the time derivative of the angular momentum L = M rvc to derive a differntial equation
of the form:
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Solve this equation under the assumption that lnΛ is constant. This will lead to a formula
for the friction time, which the black hole needs to fall to the center (1 point)
Aufgabe 1. Quick Questions
(a) Describe the process of star formation qualitativly (1 point)
(b) Make a sketch of the Hertzsprung-Russel (HR) diagramm and explain the different types of
stars using the HR-diagramm (1 point).
(c) Use the sketch of (b) and overplot the Hayashi-line and discribe its meaning (1 point)
(d) What is the cosmic microwave background? (1 point)
(e) Look up and describe the Sunyaev-Zeldovich effect (1 point)
(f) Describe qualitativley how you can use the Sunyaev-Zeldovich effect to calculate the mass of
a galaxy cluster (1 point)
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