
Theoretical Astrophysics Homework:

1.a Celestial Mechanics

Due: September 7

Problem 1:
Carroll & Ostlie Problem 2.8

Problem 2:
Carroll & Ostlie Problem 2.14

Problem 3:
In the text it is asserted: In general, the two-body problem may be treated as an equivalent one-
body problem with the reduced mass µ moving about a fixed mass M at a distance r. Verify that
this is true by deriving the equations of motion of the reduced-mass problem from the general
equations of motion of both the free 2-body system and the reduced mass system with one mass
fixed. If you consider the reduced mass problem as a physical one, is the reference frame being
used inertial? Why or why not? Is there an external force? If so why is angular momentum still
conserved?

Problem 4:
Consider a binary star system consisting of a 1 and 2 M� star. Assume that the eccentricity is
0.3 and the orbital period is 30 days. Plot, to scale, the orbits of these stars and label both stars’
positions along the orbits when the 1 M� star is at perihelion, aphelion and halfway in between
each of these. Where in their orbits are the stars closest together and what is this distance?
What is the ratio of the highest and lowest kinetic energy the stars obtain?

Additional problems for AY 521

Problem 5:
Derive the equations of motion for the reduced mass problem from its Lagrangian.

Problem 6:
(turn in with homework 2)
Using a numerical ODE integrator, working in the center of mass frame, integrate the positions
of two bodies, one of which is twice the mass of the other, in an orbit for a choice of initial
condition that will give an elliptical orbit for the lower mass body of semi-major axis 1 and
eccentricity 0.3. Verify by tabulating or plotting the relative positions vs. time for one orbit,
that your result matches the relations derived in the text.

A common thing to use for an integrator is the scipy.integrate.ode module. Documentation
and examples on scipy.org.
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