
PHY-105 Assignment #7 Due before 5:00pm Wednesday, 16 April 2008

Problem 1 [10 pts]

A semi-detached binary star system is composed of a White Dwarf primary of mass M1 = 0.85M⊙

and radius R1 = 0.0095R⊙ and a secondary star of mass M2 = 0.17M⊙. The orbital period of the
system is T = 0.0745 days.
Sketch what this system looks like, clearly showing and calculating:

• the separation between the centres of the two stars (both in units of m and R⊙)

• the distances between both stars and the inner Langragian point L1

• an estimate for the radius R2 of the secondary star
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Problem 2 [20 pts]

In class we obtained the following differential equation that we need to solve to get the scale factor
as a function of time, R(t):
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where R and ρ are both functions of t.

(a) Show that we can rewrite this in terms of R and t only thus:
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where ρ0 is a constant, the average density of the present universe.

(b) From this equation, verify the following solutions for R(t) for a flat, closed, and open universe:
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For the flat universe case explicitly solve the differential equation for R above, but for the closed and
open universe cases it is sufficient to simply substitute these solutions into the differential equation
to show they do in fact solve it.

(c) Sketch the form of these solutions on a plot of R(t) versus t.

(d) Show that from these solutions we can obtain the time(age) of the universe as function of the
redshift z thus (this is a bit messy, sorry!):
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where Ω0 is the density parameter of the present universe, as defined in class.

(e) For density parameters of Ω0 = 1, Ω0 = 2, and Ω0 = 0.5, calculate the age of the universe for
each as ratio of tH (tH = 13.6 billion years for h = 0.72).
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